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(54) PROCESS FOR PRODUCING OLEFIN POLYMER AND OLEFIN POLYMER 



(57) This invention provides an olefin polymer pro- 
duction method by which olefin polymers can be 
obtained at high polymerization activity under the condi- 
tions of reduced hydrogen concentration and provides 
silyl-terminated olefin polymers obtained by this produc- 
tion method. The olefin polymer production method is 
characterized in that an olefin is polymerized under the 
presence of a catalyst comprising a transition metal 
compound (A) of Groups 3 to 1 0 of the periodic table, at 
least one compound (B) selected from among organoa- 
luminum oxycompounds (B-1), compounds (B-2) that 
react with the abovementioned compound (A) to form 
an ion pair, and organoaluminum compounds (B-3), and 
under the coexistence of an organosilicon compound 
(C) or dialkylzinc compound (D) and hydrogen (E). This 
invention also provides an olefin polymer production 
method by which olefin polymers can be obtained at 
high polymerization activity and provides silyl-termi- 
nated olefin polymers obtained by this production 
method. This olefin polymer production method is char- 
acterized in that an olefin is polymerized under the pres- 
ence of a catalyst comprising a transition metal 
compound (A-i) of Groups 3 to 10 of the periodic table, 
at least one compound (B) selected from among orga- 
noaluminum oxycompounds (B-1), compounds (B-2) 
that react with the abovementioned compound (A-i) to 
form an ion pair, and organoaluminum compounds (B- 
3), under the coexistence of an organosilicon com- 



pound (C) or dialkylzinc compound (D), and under the 
non-presence of hydrogen (E). 
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Description 

Technical Field 

5 [0001] This invention concerns olefin polymer production methods and olefin polymers, and to be more detailed, 
concerns a process of producing olefin polymers by which olefin polymers can be obtained at high polymerization activ- 
ity, a method of producing olefin polymers with a silyl group at the terminal, and silyl-terminated olefin polymers. 

Background Art 

10 

[0002] Known prior methods of producing ethylene homopolymers, ethylene • oolefin copolymers, propylene 
homopolymers, propylene • a-olefin copolymers, and other olefin polymers include methods of polymerizing olefins 
under the presence of a titanium catalyst comprising an organoaluminum compound and a solid titanium catalyst com- 
ponent containing magnesium, a halogen, and an electron donor, or under the presence of a vanadium catalyst com- 

15 prising a vanadium compound and an organoaluminum compound. Also is known a method of polymerizing an olefin 
under the presence of a metallocene catalyst comprising transition metal compound such as zirconocene and an org- 
naoaluminum oxycompound (aluminoxane), and it is known that the use of a metallocene catalyst enables production 
of an olefin polymer of high molecular weight at high activity and that the olefin polymer obtained has a narrow molec- 
ular weight distribution and a narrow composition distribution. 

20 [0003] Though hydrogen is generally used to adjust the molecular weight In the production of an olefin polymer, if 
for example a polymer of low molecular weight is to be produced using the catalyst which is capable for giving high 
molecular weight such as the abovementioned metallocene catalyst, a large amount of hydrogen will have to be used. 
In this case, since the concentration of hydrogen in the polymerization system will be high, significant lowering of the 
polymerization activity or undesirable rapid hydrogenation of a functional group may occur and thus favorable results 

25 may not be obtained. A chain transfer agent is thus desired with which the polymerization activity will not be lowered 
much in the production of an olefin polymer of low molecular weight using the catalyst which is capable for giving high 
molecular weight such as the metallocene catalyst. 

[0004] With regard to chain transfer agents, the use of a dialkylzinc compound in the production of an ethylene 
copolymer under the presence of a titanium catalyst is described in Japanese Laid-open Patent Publication No. 

30 227604/1992, and the use of a silane compound in the production of an ethylene (co)polymer under the presence of a 
metallocene catalyst is described in Japanese Laid-open Patent Publication No. 95514/1997. Of the above, with the 
method of using a silane compound, the metallocene compound to be used is limited to being a metallocene compound 
having a (substituted) cyclopentadienyl group, and any effects attained by coexistence of hydrogen are not described 
in the corresponding publication. 

35 [0005] Upon carrying out examinations in view of such prior arts, the present inventors have found that by using an 
organosilicon compound or a dialkylzinc compound in combination with hydrogen in the (co)pofymerization of an olefin 
under the presence of a transition metal compound, an olefin polymer of low molecular weight or an olefin polymer with 
a silyl group at the terminal can be produced at high polymerization activity. The present inventors have also found that 
by using an organosilicon compound or a dialkylzinc compound in the (co)polymerization of an olefin under the pres- 

40 ence of a specific transition metal compound containing a ligand having a cyclopentadienyl skeleton, an olefin polymer 
of low molecular weight or an olefin polymer with a silyl group at the terminal can be produced at high polymerization 
activity, and have thus come to complete the present invention. 

Object of the Invention 

45 

[0006] An object of this invention is to provide a process for producing an olefin polymer by which olefin polymers 
can be obtained at high polymerization activity, a process for producing an olefin polymer by which olefin polymers hav- 
ing a silyl group at the terminal can be obtained at high polymerization activity, and silyl-terminated olefin polymers. 

so Disclosure of the Invention 



[0007] A process for producing an olefin polymer according to the present invention is characterized in that olefin 
polymerization or copolymerization is carried out under the presence of: 

55 a catalyst comprising 

(A) a compound of a transition metal selected from among groups 3 to 10 of the periodic table (with lanthanides 
and actinides being included in group 3) and 
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(B) at least one compound selected from among 
(B-1) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A) to form an ion pair, and 
5 (B-3) organoaluminum compounds and under the coexistence of 

(C) an organosilicon compound respresented by the general formula (I) given below, or (D) a dialkylzinc com- 
pound represented by the general formula (II) given below, 

10 R 1 R 2 R 3 SiH (I) 

(In the above formula, R 1 , R 2 , and R 3 may be the same or may differ from each other, with each indicating 
a hydrogen atom, an alkyl group of 1 to 4 carbon atoms, an aryl group of 6 to 12 carbon atoms, an alkylaryl 
15 group of 7 to 20 carbon atoms, an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of 1 to 4 carbon 

atoms, a phenoxy group, a fluoroalkyl group of 3 to 6 carbon atoms, a dialkylamino group containing alkyl 
groups of 1 to 4 carbon atoms, or a diorganopolysiloxane chain containing 1 to 10 siloxane units.) 



20 



25 



ZnR 4 R 5 (II) 

(In the above formula, R 4 and R 5 may be the same or may differ from each other, with each indicating an 
alkyl group of 1 to 20 carbon atoms.) 
and 

(E) hydrogen. 

[0008] In the present invention, preferably the abovementioned compound (A) is a transition metal compound (A-1 ) 
of a transition metal selected from among groups 3 to 10 of the periodic table (with lanthanides and actinides being 
included in group 3) containing a ligand having a cyclopentadienyl skeleton, 

more preferably the abovementioned compound (A) is a compound (A-2) of a transition metal selected from among 
group 4 of the periodic table containing a ligand having a cyclopentadienyl skeleton, and 

even more preferably, the abovementioned compound (A) is a compound (A-3) represented by the following gen- 
eral formula (IV) or (V). 



35 



40 



45 



50 




/ J 



Cp ; — M x 



2 



(IV) - • • (V) 



[0009] (In the formula (IV), M 1 indicates an atom of a transition metal selected from among group 4 of the periodic 
table, R 11 to R 20 may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 40 
55 carbon atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom, or a hydrogen atom, the adjacent two groups among R 11 to 
R 20 may be bonded mutually to form an aromatic group along with the carbon atoms bonded to each group, each of 
such an aromatic group may be substituted with a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
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carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, or a halogen atom, X 1 and X 2 may be the same or may differ from each other, with each indicating a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group, a hydrogen atom, or a halogen atom, and Y 1 indicates a bivalent 

5 hydrocarbon group of 1 to 20 carbon atoms, a bivalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a biva- 
lent silicon-containing group, a bivalent germanium-containing group, a bivalent tin-containing group, -0-, -CO-, -S-, - 
SO-, S0 2 -, -Ge-, -Sn-, -NR 21 -, -P (R 21 ) -, - P(O) (R 21 )-, -BR 21 -, or -AIR 21 - (where the R 21, s may be the same or may 
differ from each other, with each indicating a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a hydrogen atom, or a halogen atom). 

io [0010] In the formula (V), M 1 indicates a transition metal atom selected from among group 4 of the periodic table, 
Cp indicates a cyclopentadienyl group or derivative thereof, which is rc-bonded to M 1 , Z 1 indicates an oxygen atom, a 
sulfur atom, a boron atom or a ligand containing an atom of group 14 of the periodic table, Y 2 is a ligand containing an 
atom selected from among the nitrogen atom, phosphorus atom, oxygen atom and sulfur atom, and the X^s may be the 
same or may differ from each other, with each indicating a hydrogen atom, a halogen atom, a hydrocarbon group of 1 

is to 20 carbon atoms and may have one or two or more or double bonds, a silyl group containing 20 or less silicon atoms, 
or a germyl group containing a germanium atom.). 

[0011] Another process for producing an olefin polymerization according to the present invention is characterized 
in that an olefin of 3 or more carbon atoms is polymerized or two or more olefins are coporymerized under the presence 
of a catalyst comprising an abovementioned transition metal compound (A), at least one compound (B) selected from 
20 among organoaluminum oxycompounds (B-1), compounds (B-2) that react with the abovementioned compound (A) to 
form an ion pair, and organoaluminum compounds (B-3), and under the coexistence of an abovementioned organosili- 
con compound (C) and hydrogen (E) to produce a sifyl-terminated olefin polymer, wherein the terminal of which is a 
residual group of the organosilicon compound (C) represented by the general formula (I) given above and which has an 
isotactic index of 95 of more. 

25 [0012] Still another process for producing an olefin polymer according to the present invention is characterized in 
that olefin polymerization or copofymerization is carried out under presence of a catalyst comprising 

(A-i) a transition metal compound of a transition metal selected from among groups 3 to 10 of the periodic table 
(with lanthanides and actinides being included in group 3) containing a ligand having a cyclopentadienyl skeleton 
30 (with the exception of such a compound having two indenyl groups that are bonded via ethylene), and 

(B) at least one compound selected from among 
(B-1) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A-i) to form an ion pair, and 
(B-3) organoaluminum compounds 
35 and under the coexistence of 

(C) an organosilicon compound represented by the general formula (I) given below, or (D) a dialkylzinc compound 
represented by the general formula (II) given below, 

R 1 R 2 R 3 SiH (I) 

40 

(In the above formula, R 1 , R 2 , and R 3 may be the same or may differ from each other, with each indicating a 
hydrogen atom, an alkyl group of 1 to 4 carbon atoms, an aryl group of 6 to 12 carbon atoms, ah alkylaryl group of 
7 to 20 carbon atoms, an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of 1 to 4 carbon atoms, a phe- 
45 noxy group, a fluoroalkyl group of 3 to 6 carbon atoms, a dialkylamino group containing alkyl groups of 1 to 4 carbon 
atoms, or a diorganoporysiloxane chain containing 1 to 10 siloxane units.) 

ZnR 4 R 5 (II) 

so (In the above formula, R 4 and R 5 may be the same or may differ from each other, with each indicating an alkyl 

group of 1 to 20 carbon atoms.) 
and 

under the non-presence of hydrogen. 

55 [0013] In the present invention, preferably the abovementioned compound (A-i) is a transition metal compound (A- 
ii) of a transition metal selected from among group 4 of the periodic table containing a ligand having a cyclopentadienyl 
skeleton (with the exception of such a compound having two indenyl groups that are bonded via ethylene), and 
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more preferably, the abovementioned compound (A-i) is a compound (A-iii) represented by the following general 
formula (IV) (with the exception of such a compound having two indenyl groups that are bonded via ethylene). 



5 



10 




20 

[0014] (In the above formula, M 1 indicates an atom of a transition metal selected from among group 4 of the peri- 
odic table, R 1 1 to R 20 may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 
40 carbon atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom, or a hydrogen atom, the adjacent two groups among R 11 to 

25 R 20 may be bonded mutually to form an aromatic group along with the carbon atoms bonded to each group, each of 
such an aromatic group may be substituted with a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon -containing 
group, or a halogen atom, X 1 and X 2 may be the same or may differ from each other, with each indicating a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 

30 a sulfur-containing group, a silicon-containing group, a hydrogen atom, or a halogen atom, and Y 1 indicates a bivalent 
hydrocarbon group of 1 to 20 carbon atoms, a bivalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a biva- 
lent silicon-containing group, a bivalent germanium-containing group, a bivalent tin-containing group, -O-, -CO-, -S-, - 
SO-, S0 2 -, -Ge-, -Sn-, -NR 21 -, -P(R 21 )-, - P(O) (R 21 )-, -BR 21 -, or -AIR 21 - (where the R 21, s may be the same or may differ 
from each other, with each indicating a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group 

35 of 1 to 20 carbon atoms, a hydrogen atom, or a halogen atom).) 

[0015] Yet another process for producing an olefin polymer according to the present invention is characterized in 
that an olefin of 3 or more carbon atoms is polymerized or two or more olefins are copolymerized under the presence 
of a catalyst comprising an abovementioned transition metal compound (A-i), at least one compound (B), selected from 
among organoaluminum oxycompounds (B-1), compounds (B-2) that react with the abovementioned compound (A-i) to 

40 form an ton pair, and organoaluminum compounds (B-3), under the coexistence of an abovementioned organosilicon 
compound (C), and under the non-presence of hydrogen (E) to produce a silyl-terminated olefin polymer, wherein the 
terminal of which is a residual group of the organosilicon compound (C) expressed by the general formula (I) given 
above and which has an isotactic index of 95 of more. 

[0016] A silyl-terminated olefin polymer according to the invention is characterized in that the terminal is a residual 
45 group of an organosilicon compound (C) represented by the general formula (I) given above and in having an isotactic 
index of 95 or more. 

[0017] Such a silyl-terminated olefin may for example be produced by the process for producing the olefin polymer 
such as those described above. 

50 Brief Description of the Drawings 

[0018] 

Fig. 1 is an explanatory diagram, which illustrates the preparation process of an olefin polymerization catalyst to be 
55 used in an olefin polymer production method of an embodiment of this invention. 

Fig. 2 is an explanatory diagram, which illustrates the preparation process of an olefin polymerization catalyst to be 
used in an olefin polymer production method of another embodiment of this invention. 
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Preferred Embodiments of the Invention 

[0019] The olefin polymer production methods and olefin polymers according to the present invention shall now be 
described more specifically. 

5 [0020] In this specification, the term "polymerization" may refer not only to homopolymerization but to copolymeri- 
zation inclusively as well, and the term "polymer" may refer not only to homopolymers but to copolymers inclusively as 
well. 

[0021 ] With an olefin polymer production by this invention, 

w olefin polymerization or copolymerization is carried out 
under the presence of: 
a catalyst comprising 

(A) a compound of a transition metal selected from among groups 3 to 10 of the periodic table (with lanthanides 
15 and actinides being included in group 3) and 

(B) at least one compound selected from among 
(B-1) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A) to form an ion pair, and 
(B-3) organoaluminum compounds 
20 and under the coexistence of 

(C) an organosilicon compound represented by the general formula (I) given below, or (D) a dialkylzinc com- 
pound represented by the general formula (II) given below, 

and 

(E) hydrogen. 

25 

[0022] The respective components used in this invention shall now be described first. 
(A) Transition metal compound 

30 [0023] The transition metal compound (A) to be used in the present invention is a compound of a transition metal 
selected from among groups 3 to 10 of the periodic table (with group 3 including the lanthanides and actinides). 
[0024] Specific examples of a transition metal selected from among groups 3 to 1 0 of the periodic table (with group 
3 including the lanthanides and actinides) include scandium, titanium, zirconium, hafnium, vanadium, niobium, tanta- 
lum, palladium, nickel, cobalt, rhodium, yttrium, chromium, molybdenum, tungsten, manganese, rhenium, iron, ruthe- 

35 nium, etc., and the transition metal is preferably scandium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, 
palladium, nickel, cobalt, rhodium, etc., more preferably titanium, zirconium, hafnium, cobalt, rhodium, etc., and espe- 
cially preferably titanium, zirconium, or hafnium. 

[0025] Examples of such a transition metal compound (A) include transition metal compounds, which have been 
used conventionally as catalysts in olefin polymerization, and such transition metal compounds include titanium com- 

40 pounds, such as TiCI 3 , TiCI 4 , compounds derived therefrom and complexes containing these metallocene compounds, 
transition metal imine compounds, transition metal imide compounds, transition metal amide compounds, transition 
metal diphenoxy compounds, transition metal compounds having a salicylarydimine ligand, transition metal compounds 
proposed in J. Am. Chem. Soc. 1995, 117, 6414-6415, etc. " ~ 

[0026] Transition metal compound (A) may for example be a transition metal compound in which a metal is bonded 

45 with the N, O, or S atom of a ligand, and in this case, the bond may be a covalent bond or a coordinate bond or a cov- 
alent bond and a coordinate bond may coexist. The aforementioned coexistence of a covalent bond and a coordinate 
bond refers for example to the bondings of metal with the N of imine and metal with an amide; the bondings of metal 
with the N of imine and metal with an oxygen anion; and bondings of metal with oxygen atom and metal with an amide. 
Specific examples of such a transition metal compound include compounds expressed by the general formula (IX) or 

so (X) given below. 



55 



6 



EP 1 092 730 A1 



5 



10 




R < R 2 

15 

' ' ' (IX) 



20 

[0027] In the above formula, M indicates a transition metal atom of any of groups 3 to 10 of the periodic table and 
is preferably titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, iron, cobalt, nickel, ruthenium, rho- 
dium, or palladium and especially preferably iron, cobalt, nickel, ruthenium, rhodium, or palladium. 
[0028] R 1 to R 4 may be the same or may differ from each other, with each indicating a hydrogen atom, halogen 

25 atom, hydrocarbon group (with the exception that each of R 1 and R 2 be not a hydrocarbon group having a phenyl skel- 
eton in which hydrogen occupies the ortho position with respect to N), halogenated hydrocarbon group (with the excep- 
tion that each of R 1 and R 2 be not a halogenated hydrocarbon group having a phenyl skeleton in which hydrogen 
occupies the ortho position with respect to N), organosilyl group, alkoxy group, aryloxy group, ester group, acyl group, 
amide group, amino group, sulfonamide group, sulfonyl group, nrtrile group, or nitro group. 

30 [0029] Examples of halogen atoms include fluorine, chlorine, bromine and iodine. Specific examples of hydrocar- 
bon groups include linear and branched alkyl groups of 1 to 20 carbon atoms, such as the methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl groups; aryl groups of 6 to 20 carbon atoms (with the 
exception that each of R 1 and R 2 be not an aryl group in which hydrogen occupies the ortho position with respect to N), 
such as the phenyl, naphthyl and anthryl groups; substituted aryi groups with which an aforementioned aryl group has 

35 1 to 5 substituting groups, such as the abovementioned halogen atoms, abovementioned alkyl groups of 1 to 20 carbon 
atoms, abovementioned aryl groups of 6 to 20 carbon atoms, the below-mentioned halogenated hydrocarbon groups, 
organosilyl groups, alkoxy groups, aryloxy groups, ester groups, acyl groups, amide groups, amino groups, sulfonamide 
groups, sulfonyl groups, nitrile groups, nitro groups, etc., (with the exception that each of R 1 and R 2 be not an aryl group 
in which hydrogen occupies the ortho position with respect to N); cycloalkyl groups, such as the cyctopentyl, cyclohexyl, 

40 norbornyl and adamantyl groups; alkenyl groups, such as the vinyl, propenyl an3 cyclohexenyl groups; and arylalkyl 
groups, such as the benzyl, phenylethyl and phenylpropyl groups. 

[0030] Examples of halogenated hydrocarbon groups include groups with which a halogen is substituted to an 
abovementioned hydrocarbon group, the pentafluorophenyl group, etc. Specific examples of organosilyl groups include 
the methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl, phenylsilyl, dipheynylsilyl, triphenylsilyl, 
45 dimethylphenylsilyl and methyldiphenylsilyl groups. 

[0031] Specific examples of alkoxy groups include the methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy 
and tert-butoxy groups. Specific examples of aryloxy groups include the phenoxy, 2,6-dimethylphenoxy and 2,4,6-tri- 
methylphenoxy groups. 

[0032] Specific examples of ester groups include the acetyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl 
so and p-chlorophenoxycarbonyl groups. Specific examples of acyl groups include the formyl, acetyl, propionyl, butyryl, 

valeryl, palmitoyl, stearoyl, oleoyl, benzoyl, toloyl, salicyloyl, cinnamoyl, naphthoyl and furoyl groups. 

[0033] Specific examples of amide groups include the acetamide, N-methylacetamide and N-methylbenzamide 

groups. Specific examples of amino groups include the dimethylamino, ethylmethylamino and diphenylamino groups. 

[0034] Specific examples of sulfonamide groups include the phenylsulfonamide, N-methylphenylsuIfonamide and 
55 N-methyl-p-toluenesulfonamide groups. Specific examples of sulfonyl groups include the mesyl, ethanesulfonyl, meth- 

oxysuffonyl, benzenesulfonyl, and tosyl groups. 

[0035] Of the above, each of R 1 and R 2 is preferably a hydrocarbon group (with the exception of a hydrocarbon 
group that has a phenyl skeleton with a hydrogen at the ortho position with respect to N) or an organosilyl group. Also, 
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each of R 3 and R 4 is preferably a hydrogen atom, a hydrocarbon group or an organosilyl group. Two or more groups 
and preferably adjacent groups among the groups indicated by R 1 to R 4 may be linked together to form an aromatic 
ring, aliphatic ring or other ring along with the carbon atoms bonded to each group. 
[0036] m is an integer from 0 to 2. n is an integer from 0 to 3. 

5 [0037] A indicates an atom of any of groups 13 to 16 of the periodic table, with specific examples including the 
boron atom, carbon atom, nitrogen atom, oxygen atom, silicon atom, phosphorus atom, sulfur atom, germanium atom, 
selenium atom, tin atom, etc., and is preferably the carbon atom, nitrogen atom or silicon atom. If A is the atom having 
an unshared electron pair such as the nitrogen atom, oxygen atom, phosphorus atom or sulfur atom, A may be coordi- 
nataed to M. If n is 2 or more, the plurality of A's may be the same or may differ from each other. 

io [0038] E is a substituent group having at least one atom selected from among carbon, hydrogen, oxygen, halogens, 
nitrogen, sulfur, phosphorus, boron and silicon. If there exists a plurality of qroups indicated by E, each of the plurality 
of groups indicated by E may be the same or may differ from each other, and two or more groups indicated by E may 
be linked together to form a ring. 

[0039] Specific examples of a bonding group indicated by - ((E m )A) n -, that bind two nitrogen atoms include -CH 2 -, 
15 - C(Me) 2 -, -C(Ph) 2 - t -Si(Me) 2 -, -Si(Ph) 2 -, -Si(Me) (Ph)-, -CH 2 CH 2 -, -CH 2 Si (Me) 2 -, -CH 2 CH 2 CH 2 -, -CH 2 C (Me) 2 CH 2 -, 
-CH 2 C(Et) 2 CH 2 -, -CH 2 C(nPr) 2 CH 2 -, -CH 2 C(iPr) 2 CH 2 -, -CH 2 C(nBu) 2 CH 2 -. -CH 2 C (iBu) 2 CH 2 -, -CH 2 C (sBu) 2 CH 2 -, - 
CH 2 C(cPen) 2 CH 2 -, -CH 2 C(cHex) 2 CH 2 -, -CH 2 C(Ph) 2 CH r , -CH 2 C(Me) (Et)CH 2 -, -CH 2 C(Me) (iPr)CH 2 -, -CH 2 C(Me) 
(iBu)CH 2 -, -CH 2 C(Me) (tBu)CH 2 -, -CH 2 C(Me) (iPen)CH 2 -, -CH 2 C(Me) (Ph)CH 2 -, -CH 2 C(Et) (iPr)CH 2 -, -CH 2 C(Et) (iBu) 
CH 2 -, -CH 2 C(Et)<iPen)CH 2 -, -CH 2 C(iPr)(iBu)CH 2 -, -CH 2 C(iPr)(iPen)CH 2 -, -CH 2 Si(Me) 2 CH 2 -, -CH 2 Si(Et) 2 CH 2 -, - 
20 CH 2 Si(nBu)2CH 2 -, -CH2Si(Ph) 2 CH 2 -, -CH(Me)CH 2 CH(Me)-, -CH(Ph)CH 2 CH(Ph)-, -Si(Me) 2 OSi(Me)2-, and the like. 
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[0040] In the examples given above, Me indicates the methyl group, Et indicates the ethyl group, nPr indicates the 
n-propyl group, iPr indicates the isopropyl group, nBu indicates the n-butyl group, iBu indicates the isobutyl group, sBu 
indicates the sec-butyl group, t-Bu indicates the tert-butyl group, iPen indicates the isopentyl group, cPen indicates the 
cyclopentyl group, cHex indicates the cyclohexyl group, and Ph indicates the phenyl group. 

[0041] p is a number that satisfies the valence of M and is an integer from 0 to 7. X indicates a hydrogen atom, hal- 
ogen atom, hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxy- 
gen-containing group, sulfur-containing group or silicon containing group. If p is 2 or more, the plurality of groups 
indicated by X may be the same or may differ from each other. 

[0042] Examples of halogen atoms include fluorine, chlorine, bromine and iodine. Examples of hydrocarbon groups 
of 1 to 20 carbon atoms include alky I groups, cycloaikyl groups, alkenyl groups, arylalkyl groups, aryl groups, etc., and 
to be more specific, include alky I groups, such as the methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and icosyl 
groups; cycloaikyl groups, such as the cyclopentyl, cyclohexyl, norbornyl and adamantyl groups; alkenyl groups, such 
as the vinyl, propenyl and cyclohexenyl groups; arylalkyl groups, such as the benzyl, phenylethyl and phenylpropyl 
groups; and aryl groups, such as the phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, 
naphthyl, methylnapthyl, anthryl and phenanthryl groups. 

[0043] Examples of halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups with which a halogen 
or halogens is or are substituted to the abovementioned hydrocarbon group of 1 to 20 carbon atoms. Examples of oxy- 
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gen-containing groups include the hydroxy group; alkoxy groups, such as the methoxy, ethoxy, propoxy, and butoxy 
groups; aryloxy groups, such as the phenoxy, methylphenoxy, dimethylphenoxy and napthoxy groups; and arylalkoxy 
groups, such as the phenylmethoxy and pheny! ethoxy groups. 

[0044] Examples of sulfur-containing groups include substituent groups with which the oxygen in an abovemen- 
tioned oxygen-containing group has been replaced by sulfur and also include sulfonate groups, such as the methylsul- 
fonate, trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate, pttolunesulfonate, trimethylbenzenesulfonate, 
triisobutylbenzenesulfonate, p-chlorobenzenesulfonate, and pentafluorobenzenesulfonate groups; and sulfinate 
groups, such as the methylsulfinate, phenylsulfinate, benzylsulfinate, p-toluenesuffinate, trimethylbenzenesulfinate, and 
pentafluorobenzenesulfinate groups. 

[0045] Examples of silicon-containing groups include monohydrocarbon-substituted silyls, such as methylsilyl and 
phenylsilyl; dihydrocarbon-substituted silyls, such as cfimethylsilyl and diphenylsifyl; trihydrocarbon-subsfrtuted silyls, 
such as trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsiryl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
tritolylsilyl and trinaphthylsilyl; silyl ethers of hydrocarbon-substituted silyls, such as trimethylsilyl ether; silicon-substi- 
tuted alkyl groups, such as the trimethylsilylmethyl group; and silicon-substituted aryl groups, such as the trimethylsilyl- 
phenyl group. 

[0046] Of the above, halogen atoms, hydrocarbon atoms of 1 to 20 carbon atoms, and sulfonate groups are prefer- 
able. Also, if p is 2 or more, two or more of the X's may be linked together to form a ring. Though specific examples of 
transition metal compounds represented by the above general formula (IX) are given below, such transition metal com- 
pounds are not limited to these examples. 
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45 [0047] In the examples given above, Me indicates the methyl group, Et indicates the ethyl group, nPr indicates the 
n-propyl group, iPr indicates the isopropyl group, nBu indicates the n-butyl group, iBu indicates the isobutyl group, t-Bu 
indicates the tert-butyl group, and Ph indicates the phenyl group. In the present invention, a transition metal compound 
with which the titanium in an abovementioned compound has been replaced by zirconium or hafnium, a transition metal 
compound with which the nickel in an abovementioned compound has been replaced by palladium, or a transition metal 

so compound with which the iron in an abovementioned compound has been replaced by cobalt, ruthenium, or rhodium 
may also be used. Such a compound may be used alone or in combination of two or more. 
[0048] Transition metal compounds represented by the general formula (X) shall now be described. 



55 



13 



EP 1 092 730 A1 



R 3 




R 8 

25 

• • • (X) 

30 



[0049] In the above formula, M indicates a transition metal atom of any of groups 3 to 6 of the periodic table and is 
preferably a transition metal atom of group 4 of the periodic table, such as titanium, zirconium or hafnium. 
35 [0050] R 1 to R 10 may be the same or may differ from each other, with each indicating a hydrogen atom, halogen 
atom, hydrocarbon group, halogenated hydrocarbon group, organosilyl group, alkoxy group, aryloxy group, ester group, 
acyl group, amide group, amino group, sulfonamide group, sulfonyl group, nitrile group or nitro group. However, at least 
one of R 1 to R 5 is a group besides the hydrogen atom, and at least one of R 6 to R 10 is a group besides the hydrogen 
atom. 

40 [0051] Examples of halogen atoms include fluorine, chlorine, bromine and iodine. Specific examples of hydrocar- 
bon groups include linear or branched alkyl groups of 1 to 20 carbon atoms, such as the methyl, ethyl, n-propyl, isopro- 
pyl, n -butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl groups; aryl groups of 6 to 20 carbon atoms, such as the 
phenyl, riaphthyl and anthryl groups; substituted aryl groups, with which an aforementioned aryl group has 1 to 5 sub- 
stituent groups, such as the abovementioned halogen atoms, abovementioned alkyl groups of 1 to 20 carbon atoms, 

45 abovementioned aryl groups of 6 to 20 carbon atoms, the below-mentioned halogenated hydrocarbon groups, organos- 
ilyl groups, alkoxy groups, aryloxy groups, ester groups, acyl groups, amide groups, amino groups, sulfonamide groups, 
sulfonyl groups, nitrile groups, nitro groups, etc.; cycloalkyl groups, such as the cyclopentyl, cyclohexyl, norbornyl and 
adamantyl groups; alkenyl groups, such as the vinyl, propenyl, and cyclohexenyl groups; and arylalkyl groups, such as 
the benzyl, phenylethyl and phenylpropyl groups. 

so [0052] Examples of halogenated hydrocarbon groups include groups with which a halogen is substituted to the 
abovementioned hydrocarbon group. Specific examples of organosilyl groups include the methyisilyl, dimethylsilyl, tri- 
methylsiryl, ethylsilyl, diethylsilyi, triethyfsilyl, phenylsilyl, dipheynylsilyl, triphenylsilyl. dimethylphenylsilyl and methyld- 
iphenylsilyl groups. 

[0053] Specific examples of alkoxy groups include the methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy 
55 and tert-butoxy groups. Specific examples of aryloxy groups include the phenoxy, 2,6-dimethylphenoxy, and 2,4,6-tri- 
methylphenoxy groups. 

[0054] Specific examples of ester groups Include the acetyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl 
and p-ch!orophenoxycarbonyl groups. Specific examples of acyl groups include the formyl, acetyl, propionyl, butyryl, 
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valeryl, palmitoyl, stearoyl, oleoyl, benzoyl, toloyl, salicyloyl, cinnamoyl, naphthoyl and furoyl groups. 
[0055] Specific examples of amide groups include the acetamide, N-methylacetamide and N-methylbenzamide 
groups. Specific examples of amino groups include the dimethylamino, ethylmethylamino and diphenylamino groups. 
[0056] Specific examples of sulfonamide groups include the phenylsulfonamide, N-methylphenyf sulfonamide and 
N-methyl-p-toluenesulfonamide groups. Specific examples of sulfonyl groups include the mesyl, ethanesulfonyl, meth- 
oxysulfonyl, benzenesulfonyl and tosyl groups. 

[0057] Also, two or more of the groups and preferably adjacent groups indicated by R 1 to R 5 may be linked together 
to form an aromatic ring, aliphatic ring, or other ring along with the carbon atoms bonded to each group, and two or 
more of the groups and preferably adjacent groups indicated by R 6 to R 10 may be linked together to form an aromatic 
ring, aliphatic ring, or other ring along with the carbon atoms bonded to each group. 

[0058] m is an integer from 0 to 2. n is an integer from 1 to 5. A indicates an atom of any of groups 13 to 1 6 of the 
periodic table, with specific examples including the boron atom, carbon atom, nitrogen atom, oxygen atom, silicon atom, 
phosphorus atom, sulfur atom, germanium atom, selenium atom, tin atom, etc., and is preferably the carbon atom, nitro- 
gen atom, or silicon atom. If A is the atom having an unshared electron pair such as the nitrogen atom, oxygen atom, 
phosphorus atom or sulfur atom, A may be coordinated to M. If n is 2 or more, the plurality of A's may be the same or 
may differ from each other. 

[0059] E is a substituent group having at least one atom selected from among carbon, hydrogen, oxygen, halogens, 
nitrogen, sulfur, phosphorus, boron and silicon. If there exists a plurality of groups indicated by E, each of the plurality 
of groups indicated by E may be the same or may differ from each other, and two or more groups indicated by E may 
be linked together to form a ring. 

[0060] Specific examples of a bonding group, indicated by -((E m )A) n -, that bind two nitrogen atoms include -CH 2 -, 
-C(Me) 2 - ( -C(Ph) 2 -, -Si(Me)2-, -Si(Ph) 2 -, -Si(Me)(Ph)-, -CH 2 CH 2 -, -CH 2 Si(Me) 2 -, -CH 2 CH 2 CH 2 -, -CH 2 C(Me) 2 CH 2 -, - 
CH 2 C(Et) 2 CH 2 -, -CH^nPrfeCiV, -CH 2 C(iPr) 2 CH 2 -, -CH 2 C(nBu)2CH 2 - f -CH 2 C(iBu)2CH 2 -, -CHgCCsBu^CH^, - 
CH 2 C(cPen) 2 CH 2 -, -CH 2 C(cHex) 2 CH 2 -, -CH 2 C(Ph) 2 CH 2 -, -CH 2 C(Me) (Et) CH 2 -, -CH 2 C(Me) (iPr) CH 2 -, -CH 2 C(Me) 
(iBu) CH 2 -, -CH 2 C(Me) (tBu)CH 2 -, -CH 2 C(Me) (iPen)CH 2 -, -CH 2 C(Me) (Ph)CH 2 -, -CH 2 C(Et) (iPr)CH 2 -, -CH 2 C(Et) 
(iBu)CH 2 -, -CH 2 C(Et) (iPen)CH 2 -, -CH 2 C(iPr) (iBu)CH 2 -, -CH 2 C(iPr) <iPen)CH 2 -, -CH 2 Si(Me) 2 CH 2 -, -CH 2 Si(Et) 2 CH 2 -, 
-CH 2 Si (nBu) 2 CH 2 -, -CH 2 Si (Ph) 2 CH 2 -, -CH(Me)CH 2 CH(Me)-, -CH (Ph) CH 2 CH (Ph)-, -Si(Me) 2 OSi(Me) 2 -, - 
CH 2 CH 2 CH 2 CH 2 -, -Si (Me) 2 CH 2 CH 2 Si (Mefe- and the like. 
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[0061] In the examples given above, Me indicates the methyl group, Et indicates the ethyl group, nPr indicates the 
n-propyl group, iPr indicates the isopropyl group, nBu indicates the n-butyl group, iBu indicates the isobutyl group, sBu 
indicates the sec-butyl group, t-Bu indicates the tert-butyl group, iPen indicates the isopentyl group, cPen indicates the 
55 cyclopentyl group, cHex indicates the cyclohexyl group, and Ph indicates the phenyl group. 

[0062] p is a number that satisfies the valence of M and is an integer from 0 to 4. X indicates a hydrogen atom, hal- 
ogen atom, hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxy- 
gen-containing group, sulfur-containing group or silicon-containing group. If p is 2 or more, the plurality of groups 
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indicated by X may be the same or may differ from each other. 

[0063] Examples of halogen atoms include fluorine, chlorine, bromine and iodine. Examples of hydrocarbon groups 
of t to 20 carbon atoms include alkyl groups, cycloalkyl groups, alkenyl groups, arylalkyl groups, aryl groups, etc., and 
to be more specific, include alkyl groups, such as the methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and icosyl 
groups; cycloalkyl groups, such as the cyclopentyl, cyclohexyl, norbornyl and adamantyl groups; alkenyl groups, such 
as the vinyl, propenyl and cyclohexenyl groups; arylalkyl groups, such as the benzyl, phenylethyl and phenylpropyl 
groups; and aryl groups, such as the phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, 
naphthyl, methylnapthyl, anthryl and phenanthryl groups. 

[0064] Examples of halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups with which a halogen 
or halogens is or are substituted to the above-mentioned hydrocarbon group of 1 to 20 carbon atoms. Examples of oxy- 
gen-containing groups include the hydroxy group; alkoxy groups, such as the methoxy, ethoxy, propoxy and butoxy 
groups; aryloxy groups, such as the phenoxy, methylphenoxy, dimethylphenoxy and napthoxy groups; and arylalkoxy 
groups, such as the phenylmethoxy and phenylethoxy groups. 

[0065] Examples of sulfur-containing groups include substituent groups with which the oxygen in an abovemen- 
tioned oxygen-containing group has been replaced by sulfur and also include sulfonate groups, such as the methylsul- 
fonate, trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate, p-tolunesulfonate, trimethylbenzenesulfonate, 
triisobutylbenzenesulfonate, p-chlorobenzenesuifonate and pentafiuorobenzenesulfonate groups; and sulfinate groups, 
such as the methylsulfinate, phenylsulfinate, benzylsulfinate, p-tofuenesulfinate, trimethylbenzenesulfinate and pen- 
tafluorobenzenesulfinate groups. 

[0066] Examples of silicon-containing groups include monohydrocarbon-substituted silyls, such as methylsilyl and 
phenylsilyl; dihydrocarbon-substituted silyls, such as dimethylsilyl and diphenylsilyl; tri hydrocarbon-substituted silyls, 
such as trimethylsilyl, triethylsilyl, tripropylsilyl, trfcyclohexylsilyi, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
tritolylsilyl and trinaphthylsilyl; silyl ethers of hydrocarbon-substituted silyls, such as trimethylsilyl ether; silicon-substi- 
tuted alkyl groups, such as the trimethylsilylmethyl group; and silicon-substituted aryl groups, such as the trimethylsilyl - 
phenyl group. 

[0067] Of the above, halogen atoms, hydrocarbon atoms of 1 to 20 carbon atoms and sulfonate groups are prefer- 
able. Also, if p is 2 or more, two or more of the X's may be linked together to form a ring. Though specific examples of 
transition metal compounds expressed by the above general formula (I) are given below, such transition metal com- 
pounds are not limited to these examples. 
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[0068] In the examples given above, Me indicates the methyl group, Et indicates the ethyl group, nPr indicates the 
n-propyl group, iPr indicates the isopropyl group, nBu indicates the n-butyl group, iBu indicates the isobutyl group, t-Bu 
indicates the tert-butyl group, nOct indicates the n-octyl group, and Ph indicates the phenyl group. In the present inven- 
tion, a transition metal compound with which the titanium in an abovementioned compound has been replaced by zir- 
conium or hafnium, a transition metal compound with which the zirconium in an abovementioned compound has been 
replaced by titanium or hafnium, or a transition metal compound with which the vanadium in an abovementioned com- 
pound has been replaced by tantalum or niobium may also be used. Such a compound may be used alone or in com- 
bination of two or more. 

[0069] Specific examples of the transition metal compound (A) also include solid titanium catalyst components hav- 
ing for example titanium, magnesium and halogen as essential components. 

[0070] Examples of magnesium compounds used in the preparation of a solid titanium catalyst component include 
magnesium compounds having reducing ability and magnesium compounds that do not have reducing ability. 
[0071] Examples of magnesium compounds having reducing ability include organic magnesium compounds repre- 
sented by the following formula. 
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X n MgR 2 . n 

[0072] In the above formula, 0 s n < 2, R is hydrogen or an alkyl group of 1 to 20 carbon atoms, aryl group or 
cycloaJkyl group, and in the case where n is 0, the two R's may be the same or may differ from each other. X is a halo- 
gen. 

[0073] Specific examples of such an organic magnesium compound having reducing ability include alkylmagne- 
sium compounds, such as dimethylmagnesium, diethylmagnesium, dipropylmagnesium, dibutylmagnesium, diamyl- 
magnesium, dihexylmagnesium, didecylmagnesium, octylbutylmagnesium and ethytbutyfmagnesium; 

aikylmagnesium haJides, such as ethylmagnesium chloride, propylmagnesium chloride, butylmagnesium chloride, 
hexylmagnesium chloride and amylmagnesium chloride; 

aikylmagnesium alkoxides, such as butylethoxymagnesium, ethylbutoxymagnesium and octylbutoxymagnesium; 
butylmagnesium hydride and magnesium hydride. 

[0074] Besides the above, metal magnesium may also be used. 

[0075] Specific examples of magnesium compounds having no reducing ability include magnesium halides, such 
as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluoride; alkoxymagnesium halides, 
such as methoxymagnesium chloride, ethoxymagnesium chloride, isopropoxymagnesium chloride, butoxymagnesium 
chloride and octoxymagnesium chloride; aryloxymagnesium halides, such as phenoxymagnesium chloride and meth- 
ylphenoxymagnesium chloride; dialkoxymagnesiums, such as diethoxymagneslum, diisopropoxymagnesium, cfibutoxy- 
magnesium, di-n-octoxymagnesium, di-2-ethylhexoxymagnesium and methoxyethoxymagnesium; 
diaryloxymagnesiums, such as diphenoxymagnesium, dimethylphenoxymagnesium and phenoxymethylphenoxymag- 
nesium; and carboxylic acid salts of magnesium, such as magnesium laurate and magnesium stearate. 
[0076] Such magnesium compounds having no reducing ability may be compounds derived from the abovemen- 
tioned magnesium compounds having reducing ability or may be compounds derived in the preparation of the catalyst 
component. To derive a magnesium compound having no reducing ability from a magnesium compound having reduc- 
ing ability, a magnesium compound having reducing ability may for example be brought into contact with a polysiloxane 
compound, halogen-containing stlane compound, halogen-containing aluminum compound, ester, alcohol, halogen- 
containing compound or a compound having an OH group or active carbon-oxygen bond. 

[0077] The abovementioned magnesium compounds having reducing ability and magnesium compounds having 
no reducing ability may form a complex or double compound with aluminum, zinc, boron, beryllium, sodium, potassium, 
or other metal or may be a mixture with another metal compound. Furthermore, the magnesium compound may be 
used alone or in combination of two or more. 

[0078] If a magnesium compound among magnesium compounds such as those mentioned above is a solid, it can 
be put in the liquid state using an electron donor (ii). Examples of electron donor (ii) include alcohols, phenols, ketones, 
aldehydes, ethers, amines, pyridines, metal acid esters, etc., 

and to be more specific, include alcohols of 1 to 1 8 carbon atoms, such as methanol, ethanol, propanol, butanol, 
pentanol, hexanol, 2-ethylhexanol, octanol, dodecanol, octadecyl alcohol, oleyl alcohol, benzyl alcohol, phenylethyl 
alcohol, cumyl alcohol, isopropyl alcohol and isopropyibenzyl alcohol; halogen-containing alcohols of 1 to 18 car- 
bon atoms, such as trichloromethanol, trichloroethano! and trichlorohexanol; alkoxyalcohols, such as 2-propoxyeth- 
anol, 2-butoxyethanol, 2-ethoxypropanol, 3-ethoxypropanol, 1 -methoxybutanol, 2-methoxybutanol and 2- 
ethoxybutanol; phenols of 6 to 20 carbon atoms that may have a lower alkyl group, such as phenol, cresol, xylenol, 
ethyfphenol, propylphenol, nonylphenol, cumylphenol and naphthol; ketones of 3 to 15 carbon atoms, such as ace- 
tone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone, benzophenone and benzoquinone; aldehydes of 
2 to 15 carbon atoms, such as acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde, toladehyde and 
naphthaldehyde; ethers of 2 to 20 carbon atoms, such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl 
ether, tetrahydrofuran, anisole and diphenyl ether; amines, such as trimethylamine, triethylamine, tributylamine, 
tribenzylamine and tetramethylethylenediamine; pyridines, such as pyridine, methylpyridine, ethylpyridine and 
dimethylpyridine; and metal acid esters, such as tetraethoxytitanium, tetra-n-propoxytitanium, tetra-i-propoxyttta- 
nium, tetrabutoxytitanium, tetrahexoxytitanium, tetrabutoxyzirconium and tetraethoxyzirconium. The aforemen- 
tioned compound may be used alone or in combination of two or more, 

[0079] Among the above, alcohols, alkoxyalcohols and metal acid esters are used especially favorably. The solubi- 
lization reaction of the solid magnesium compound by the electron donor is generally earned out by a method in which 
the solid magnesium compound is brought into contact with the electron donor and then heated as necessary. The con- 
tacting temperature in this case is set in the range, 0 to 200°C, preferably 20 to 1 80°C, and more preferably 50 to 1 50°C. 
[0080] Also, a hydrocarbon solvent, etc., may be made to coexist in the abovementioned solubilization reaction. 
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Specific examples of such a hydrocarbon include aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, 
decane, dodecane, tetradecane and kerosene; alicyclic hydrocarbons, such as cyclopentane, methylcyclopentane, 
cyclohexane, methylcyclohexane, cyclooctane and cyclohexene; aromatic hydrocarbons, such as benzene, toluene 
and xylene; and halogenated hydrocarbons, such as dichloroethane, dichloropropane, trichloroethylene, chloroben- 
zene and 2,4-dichlorotoluene. 

[0081] Though many magnesium compounds besides those mentioned above may also be used as the magne- 
sium compound to be used in the preparation of the solid titanium catalyst component, the magnesium compound pref- 
erably exists in the form of a halogen-containing magnesium compound in the solid titanium catalyst component 
obtained in the final stage, and thus in the case where a magnesium compound that does not contain any halogen is to 
be used, it is preferably subject to a contact reaction with a halogen-containing compound in the process of preparation. 
[0082] Among the above, a magnesium compound having no reducing ability is preferably contained in the catalyst 
component. Such a magnesium compound that contains halogen is especially preferable, and among such com- 
pounds, magnesium chloride, alkoxymagnesium chloride or aryloxymagnesium chloride is even more preferably con- 
tained in the catalyst component. 

[0083] Quadrivalent titanium compounds are especially preferable for use as the titanium compound to be used in 
preparing the solid titanium catalyst component. Compounds represented by the following formula can be given as 
examples of such quadrivalent titanium compounds. 

Ti(OR)gX4_ g 

[0084] In the formula, R is a hydrocarbon group, X is a halogen atom, and 0 ^ g s 4. Specific examples of such 
compounds include 

tetrahalogenated titaniums, such as TiCI 4f TiBr 4 and Til 4 ; 

trihalogenated alkoxytitaniums, such as Ti(OCH 3 )CI 3 , Ti(OC2H 5 )Cl 3t Ti(On-C 4 H 9 )CI 3 , Ti(OC2H5)Br 3 and Ti(0-tso- 
C4H9) Br 3 ; 

dihalogenated dialkoxytitaniums, such as Ti (OCH^Cfe, Ti (OC 2 H 5 ) 2 Cl2, Ti {On-C 4 H 9 ) 2 CI 2 and Ti (OC 2 H 5 ) 2 Br 2 ; 
monohalogenated trialkoxytitaniums, such as Ti (OCH 3 ) 3 CI, Ti (OC^HstaCI, Ti (On-C 4 H g ) 3 CI and Ti (OC 2 H 5 ) 3 Br; 
and 

tetraalkoxytitaniums, such as Ti(OCH 3 ) 4 , Ti(OC 2 H 5 ) 4 , Ti (On-C 4 H 9 ) 4 , 71 (0-iso-C 4 H 9 ) 4 and Ti (0-2-ethylhexyl) 4 . 

[0085] Among the above, tetrahalogenated titaniums are preferable, and titanium tetrachloride is especially prefer- 
able. Such a titanium compound may be used alone or in combination of two or more. The titanium compound may also 
be used together with an aromatic hydrocarbon or diluted with a hydrocarbon or halogenated hydrocarbon. 
[0086] An electron donor is preferably used in preparing the solid titanium catalyst component, and an acid halide, 
acid amide, nitrite, acid anhydride, organic acid ester, polyether, etc., such as those given below may be used as the 
electron donor. 

[0087] Specific examples of such an electron donor include acid halides of 2 to 15 carbon atoms, such as acetyl 
chloride, benzoyl chloride, toluyl chloride and anisyl chloride; 

acid amides, such as N,N-dimethyl acetamide, N,N-diethyl benzamide and N,N-dimethyl toluamide; nitriles, such 
as acetonitrile, benzonitrile and tolynitrile; 

acid anhydrides, such as acetic anhydride, phthalic anhydride and benzoic anhydride; and organic acid esters of 2 
to 1 8 carbon atoms, such as methyl formate, methyl acetate, ethyl acetate, vinyl acetate, propyl acetate, octyl ace- 
tate, cyclohexyl acetate, ethyl propionate, methyl butyrate, ethyl valerate, methyl chloroacetate, ethyl dichloroace- 
tate, methyl methacrylate, ethyl crotonate, ethyl cyclohexanecarboxylate, methyl benzoate, ethyl benzoate, propyl 
benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl benzoate, methyl toluate, 
ethyl toluate, amyl toluate, ethyl ethylbenzoate, methyl anisate, ethyl anisate, ethyl ethoxybenzoate, y -butyrolac- 
tone, 5 -valerolactone, cumarin, phthalide and ethyl carbonate. 

[0088] Also with regard to organic acid esters, the multivalent carboxylic acid esters having skeleton represented 
by the following general formulae may be given as preferable examples. 
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R^C-COOR 1 



R 4 -C-COOR 2 



R 3 ^ COOR 1 

..X. 



COOR z 



or 



R 3 -C-COOR 5 
R 4 -C-COOR 6 



[0089] (In the above formulae, R 1 is a substituted or non-substituted hydrocarbon group, each of R 2 , R 5 , and R 6 is 
hydrogen or a substituted or non-substituted hydrocarbon group, and each of R 3 and R 4 is hydrogen or a substituted or 
non-substituted hydrocarbon group, with at least one preferably being a substituted or non-substituted hydrocarbon 
group. Also, R 3 and R 4 may be linked together to form a cyclic structure. If a hydrocarbon group among the hydrocarbon 
groups R 1 to R 6 is substituted, the substituent group contains hetero atom such as N, O, S and for example, has a group 
such as C-O-C, COOR, COOH, OH, S0 3 H f -C-N-C-, NH 2 , eta) 

[0090] Specific examples of such multivalent carboxylic acid esters include aliphatic pofycarboxylic acid esters, all- 
cyclic polycarboxylic acid esters, aromatic polycarboxylic acid esters and heterocyclic polycarboxylic acid esters. 
[0091] Specific examples of preferable multivalent carboxylic acid esters having the skeleton represented by the 
general formulae given above include diethyl succinate, dibutyl succinate, diethyl methylsuccinate, diallyl methylsucci- 
nate, diisobutyl a-methylglutarate, diisopropyl p-methylglutarate, diisobutyl methylmalonate, dibutyl ethylmalonate, die- 
thyl ethylmalonate, diethyl isopropylmalonate, dibutyl isopropylmalonate, dibutyl butylmalonate, dibutyl phenylmalonate, 
diethyl diethylmalonate, dibutyl dibutylmalonate, diethyl dibutylmalonate, n-butyl maleate, dibutyl methylmaleate, dibutyl 
butylmaleate, di-2-ethylhexyl fumarate, di-n-hexyl cyclohexenecarboxylate, diethyl nadate, diisopropyl tetrahydrophtha- 
late, diethyl phthalate, monoethyl phthalate, dipropyl phthalate, diisobutyl phthalate, diisopropyl phthalate, ethyiisobutyl 
phthalate, di-n-butyl phthalate, di-n-heptyl phthalate, di-n-octyl phthalate, di-2-ethylhexyl phthalate, di(2-methylpentyl) 
phthalate, di(3-methylpentyl) phthalate, di (4-methylpentyl) phthalate, di (2, 3-dimethylbutyl) phthalate, di(3-methyl- 
hexyl) phthalate, di(4-methylhexyi) phthalate, di (5-methylhexyl) phthalate, di (3-ethyIpentyl) phthalate, di (3, 4-dimeth- 
ylpentyl) phthalate, di(2,4-dimethylpentyl) phthalate, di(2-methylhexyl) phthalate, di (2-methyloctyl) phthalate, didecyl 
phthalate, diphenyl phthalate, mixtures of the abovementioned phthalic acid diesters, 

diethyl naphthalenedicarboxylate, dibutyl naphthalenedicarboxylate, triethyl trimellitate, tributyl trimellitate, dibutyl 
3,4-furandicarboxylate, diethyl adipate, dibutyl adipate, dioctyl sebacinate and dibutyl sebacinate. 

[0092] Among the above, phthalic acid diesters are preferably used. Also, compounds (which may be referred to 
hereinafter as ■polyethers"), having two or more ether bonds that exist with a plurality of atoms interposed therebe- 
tween, may be given as examples of electron donors. As polyethers, compounds, with which the atoms that exist 
between the ether bonds are carbon, silicon, oxygen, nitrogen, phosphorus, boron, sulfur, or two or more kinds of atom 
selected from among these atoms, may be given as examples. Among such compounds, those with which relatively 
bulky substituting groups are bonoed to the atoms between the ether bonds and with which a plurality of carbon atoms 
are included among the atoms that exist between the two or more ether bonds are preferable, and for example, poly- 
ethers represented by the following general formula are preferable. 



R 21 — C 



^23 



>n+l 



R' 



2n 



. R 
I 

.— C 
I 

R n 



R 
1 

O— C 
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[0093] (In the above formula, n is an integer that satisfies 2sns10, each of R 1 to R 26 is a substituent group having 
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at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phosphorus, boron and 
silicon, arbitrary groups among R 1 to R 26 and preferably R 1 to R 2n may form together a cyclic structure other than a 
benzene ring, and atoms besides carbon may be contained in the main chain.) 

[0094] Specific examples of such polyether compounds include 2- (2-ethylhexyI)-1 ,3-dimethoxypropane, 2-isopro- 
pyl-1,3-dimethoxypropane, 2-butyl-1 ,3-dimethoxypropane, 2-s-butyM ,3-dimethoxypropane, 2-cydohexyl-1 ,3-dimeth- 
oxypropane, 2-phenyl-1 ,3-dimethoxypropane, 2-cumyl-1 ,3-dimethoxypropane, 2- {2-phenylethyl)-1 ,3- 
dimethoxypropane, 2- (2-cyclohexylethyl)-1,3-dimethoxypropane, 2- (p-chloropheny I) -1 ,3-dimethoxypropane, 2- 
(diphenylmethyl)-l ,3-dimethoxypropane, 2- (1-naphthyl)-1,3-dimethoxypropane, 2- (2-fluorophenyl)-1,3-dimethoxypro- 
pane, 2- (1 -decahydronaphthyl)-1 ,3-dimethoxypropane, 2- (p-t-butylpheny!)-1,3-dimethoxypropane, 2, 2-dicyclohexyl- 
1,3-dimethoxypropane, 2, 2-diethyl-1 ,3-dimethoxypropane, 2,2-dipropyl-1,3-dimethoxypropane, 2,2-dibutyl-1,3-dimeth- 
oxypropane, 2-methyl-2-propyl-1 ,3-dimethoxypropane, 2-methyl-2-benzyl-1 ,3-dimethoxypropane, 2-methyl-2-ethyM ,3- 
dimethoxypropane, 2-methyl-2-isopropyl-1 ,3-dimethoxypropane, 2-methyl-2-phenyl-1 ,3-dimethoxypropane, 2-methyl- 
2-cyclohexy 1-1 ,3-dimethoxypropane, 2, 2-bis (p-chlorophenyl)-1 ,3-dimethoxypropane, 2, 2-bis (2-cyclohexylethyl)-1 ,3- 
dimethoxypropane, 2-methyl-2-isobutyl-1,3-dimethoxypropane, 2-methyl-2-(2-ethylhexyl)-1 ,3-dimethoxypropane, 2, 2- 
diisobutyl-1 ,3-dimethoxypropane, 2, 2-diphenyl-1 ,3-dimethoxypropane, 2, 2-dibenzyl-1 ,3-dimethoxypropane, 2, 2-bis 
(cyclohexylmethyl)-l ,3-dimethoxypropane, 2, 2-diisobutyl-1,3-diethoxypropane, 2, 2-diisobutyM ,3-dibutoxypropane, 2- 
isobutyl-2-isopropyl-1 ,3-dimethoxypropane, 2, 2-di-s-butyl-1 ,3-dimethoxypropane, 2,2-di-t-butyl-1 ,3-dimethoxypro- 
pane, 2, 2-dineopentyl-1 ,3-dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-dimethoxypropane, 2-phenyt-2-benzyl-1 ,3- 
dimethoxypropane, 2-cyclohexyl-2-cyclohexylmethyl-1,3-dimethoxypropane, 2, 3-diphenyM ,4-diethoxybutane, 2, 3- 
dicyclohexyl-1,4-diethoxybutane, 2, 2-dibenzyl-1 ,4-diethoxybutane, 2, 3-diisopropyM ,4-diethoxybutane, 2,2-bis (p- 
methylphenyl)-1,4-dimethoxybutane, 2, 3-bis (p-chlorophenyl)-1,4-dimethoxybutane, 2, 3-bis (p-fluorophenyI)-1,4- 
dimethoxybutane, 2, 4-diphenyl-1,5-dimethoxypentane, 2, 5-diphenyl-1 ,5-dimethoxyhexane, 2, 4-diisopropyl-1 ,5- 
dimethoxypentane, 2, 4-diisobutyl-1,5-dimethoxypentane, 2, 4-diisoamyi-1,5-dimethoxypentane, 3-methoxymethyltet- 
rahydrofuran, 3-methoxymethyIdioxane, 1 ,2-diisobutoxypropane, 1 ,2-diisobutoxyethane, 1 ,3-diisoamyloxyethane, 1,3- 
diisoamiloxypropane, 1 ,3-diisoneopentyloxyethane, 1 ,3-dlneopentyloxypropane, 2, 2-tetramethylene-1 ,3-dimethoxy- 
propane, 2,2-pentamethylene-1 ,3-dimethoxypropane, 2,2-hexamethylene-1 ,3-dimethoxypropane, 1 ,2-bis (methoxyme- 
thyQ cyclohexane, 2,B-dioxaspiro (5,5) undecane, 3,7-dioxabicyclo (3,3,1) nonane, 3,7-dioxabicyclo (3,3,0) octane, 3,3- 
diisobutyl-1 ,5-oxononane, 6,6-diisobutyldioxyheptane, 1,1-dimethoxymethylcyclopentane, 1,1 -bis (dimethoxymethyl) 
cyclohexane, 1,1 -bis (methoxymethyl)bicyclo(2,2,1)heptane, 1,1-dimethoxymethylcyclopentane, 2-methyl-2-meth- 
oxymethyl-1 ,3-dimethoxypropane, 2-cyclohexyl-2-ethoxymethyl-1 ,3-diethoxypropane f 2-cyclohexyl-2-methoxymethyl- 
1 ,3-dimethoxypropane, 2,2-diisobutyM,3-dimethoxycyclohexane, 2-isopropyl-2-isoamyl-1,3-dimethoxycyclohexane, 2- 
cyclohexyl-2-methoxymethyl-1 ,3-dimethoxycyclohexane, 2-isopropyl-2-methoxymethyl-1 ,3-dimethoxycyclohexane, 2- 
isobutyl-2-methoxymethyl-1 ,3-dimethoxycyclohexane, 2-cyclohexyl-2-ethoxymethyl-1 ,3-diethoxycyclohexane, 2- 
cyclohexyl-2-ethoxymethyl-1 ,3-dimethoxycyclohexane, 2-isopropyl-2-ethoxymethyl-1 ,3-diethoxycyclohexane, 2-isopro- 
pyl-2-ethoxymethyl-1 ,3-dimethoxycyclohexane, 2-isobutyl-2-ethoxymethyl-1 ,3-diethoxycyclohexane, 2-isobutyl-2- 
ethoxymethyl-1 ,3-dimethoxycyclohexane. 

[0095] Specific examples of further polyethers include tris (p-methoxyphenyl) phosphine, methylphenylbis (meth- 
oxymethyl) silane, diphenylbis (methoxymethyl) silane, methylcyclohexylbis (methoxymethyl) silane, di-t-butylbis (meth- 
oxymethyl) silane, cyclohexyl-t-butylbis (methoxymethyl) silane, i-propyl-t-butylbis(methoxymethyI)silane and the like. 
[0096] Of these, prefered are 2,2-diisobutyl-1,3-dimethoxypropane, 2-isopropy!-2-isobutyl-1 ,3-dimethoxypropane, 
2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane, 2,2-dicyclohexyl-1 ,3-dimethoxypropane, 2,2-bis (cyclohexylmethyl)- 
1 ,3-dimethoxypropane and the like. 

[0097] In the present invention, preferably an organic acid ester or polyether is used as the electron donor, and 
more preferably, an aromatic diester or polyether is used as the electron donor. Two or more of such electron donors 
may be used in combination. Also, it is sufficient for an electron donor, such as those given above as examples, to be 
contained in the solid titanium catalyst component In the final stage. Thus in preparing the solid titanium catalyst com- 
ponent, a compound given as an example above does not have to be used as it is, and another compound that can gen- 
erate the compound, such as that given above, in the process of preparing the solid titanium catalyst component may 
be used instead. In this case, a compound other than those given above that produces two or more types of electron 
donors may also be used. 

[0098] The method of preparing the solid titanium catalyst component from the compounds described above is not 
limited in particular, and the methods described below may be given as examples. In the methods described below, an 
organoaluminum compound (B-3) to be described later is used as the organometallic compound. 

(1) A liquid-state magnesium compound formed from a magnesium compound, an abovementioned electron donor 
and a hydrocarbon solvent is subjected to a contact reaction with an organometallic compound if necessary, to 
thereby precipitate solids, and after or during the precipitation, is subjected to a contact reaction with a liquid-state 
titanium compound to obtain a solid component This solid component is then subjected to a contact reaction at 
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least once with an aromatic hydrocarbon, a titanium compound, and an electron donor The contact of the solid 
component, aromatic hydrocarbon and titanium compound component is preferably carried out a plurality of times. 
(2) A contact product of an inorganic carrier or organic carrier and a liquid-state organic magnesium compound is 
subject to a contact reaction with an organometallic compound if necessary, to thereby precipitate solids, and after 
or during the precipitation, is subjected to a contact reaction with a titanium compound in the liquid state to obtain 
a solid component This solid component is then subject to a contact reaction at least once with an aromatic hydro- 
carbon, a titanium compound and an electron donor. In this process, the contact product may also be subjected to 
a contact reaction with a halogen-containing compound and/or an organometallic compound. This contact of the 
solid component, aromatic hydrocarbon and titanium compound component is preferably carried out a plurality of 
times. 

[0099] The solid titanium catalyst component is used together with an organometallic catalyst component and if 
necessary, an electron donor (i). 

[0100] As electron donor (i), a compound indicated above as an example of the electron donor of the solid titanium 
catalyst may be used or an organosilicon compound represented by the following general formula may also be used. 

R n Si (OR') 4 . n 

[0101] (In the above formula, R and R* are hydrocarbon groups and n is O < n < 4.) 

[0102] Specific examples of organosilicon compounds expressed by such a general formula include the following 
compounds; trimethylmethoxysilane, trimethylethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, diisopro- 
pyldimethoxysilane, t-butylmethyldimethoxisiiane, t-butylmethyldiethoxysilane, t-amylmethyldiethoxysilane, diphenyld- 
imethoxysilane, phenylmethyldimethoxysilane, diphenyldiethoxysilane, bis o-tolyldimethoxysilane, bis m- 
tolyldimthoxysiiane, bis p-tolyldimethoxysilane, bis p-tolyldiethoxysiiane, bis ethylphenyldimethoxysilane, dicyclohexy- 
Idimethoxysilane, cydohexylmethyldimethoxysilane, cyclohexyfmethyldiethoxysilane, ethyltrimethoxysilane, ethyltri- 
ethoxysilane, vinyltrimethoxysilane, methyltrimethoxysilane, n-propyftriethoxysilane, . decyltrimethoxysilane, 
decyltriethoxysHane, phenyltrimethoxysilane, y-chloropropyltrimethoxysilane, methyltriethoxysilane, ethyltriethoxysi- 
lane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyltriethoxysilane, iso-butyltriethoxysilane, phenyltriethoxysilane, y- 
aminopropyltriethoxysilane, chlorotriethoxysilane, ethyltriisopropoxysilane, vinyltrtbutoxysilane, cyclohexyftrimethoxysi- 
lane, cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane, 2-norbornanetriethoxysilane, 2-norbornanemethyld- 
imethoxysilane, ethyl silicate, butyl silicate, trimethylphenoxysilane, methyltriallyloxysilane, vinyltris ( (5 - 
methoxyethoxysilane), vinyltriacetoxysilane, dimethyltetraethoxydisiloxane, cyclopentyttrimethoxysilane, 2-methylcy- 
clopentyltrimethoxysilane, 2,3-dimethyicyclopentyltrimethoxysilane, cyclopentyltriethoxysilane, dicyclopentyldimethox- 
ysilane, bis (2-methylcyclopentyl) dimethoxysilane, bis (2,3-dimethylcyclopentyl) dimethoxysilane, 
dicyclopentyldiethoxysilane, tricyclopentylmethoxysilane, tricyclopentylethoxysilane, dicyclopentylmethylmethoxysi- 
lane, cficyclopentylethylmethoxysilane, hexenyltrimethoxysilane, dicyclopentylmethylethoxysilane, cyclopentyldimethyl- 
methoxysilane, cydopentyldiethylmethoxysilane and cyclopentyldimethylethoxysilane. 

[0103] Of these, prefered are ethyltriethoxysilane, n-propyltriethoxysilane, t-butyltriethoxysilane, vinyltriethoxysi- 
lane, phenyltriethoxysilane, vinyltributoxysilane, diphenyldimethoxysilane, phenylmethyldimethoxysilane, bis p-tolyfd- 
imethoxysilane, p-tolylmethyldimethoxysilane, dicyclohexyldimethoxysilane, cydohexylmethyldimethoxysilane, 2- 
norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane, phenyltriethoxysilane, dicyclopentyldimethoxysilane, 
hexenyltrimethoxysilane, cyclopentyltriethoxysilane, tricyclopentylmethoxysilane and cyclopentyldimethylmethoxysi- 

lane' "' ' ; "" ~~ " 

[0104] Other examples of electron donor (i) that can be used in the present invention include nitrogen-containing 
electron donors, such as 2,6-substituted piperidines, 2,5-substituted piperidines, substituted methylenediamines, such 
as N,N,N\N'-tetramethylmethylenediamine, N,N,N\NMetraetriylmethytenediamine, etc., and substituted imidazolidines, 
such as 1 ,3-dibenzyfimidazolidine, 1,3-dibenzyl-2-phenylimidazo(idine, etc., phosphorus-containing electron donors, 
such as triethyl phosphite, tri-n-propyl phosphite, triisopropyl phosphite, tri-n-butyl phosphite, triisobutyl phosphite, die- 
thyl n-butyl phosphite, diethyl phenyl phosphite, and other phosphorous acid esters, etc., and oxygen-containing elec- 
tron donors, such as 2,6-substituted tetrahydropyrans, 2,5-substituted tetrahydropyrans, etc. Two or more of such 
electron donors (i) may be used in combination. 

[0105] As transition metai compound (A); a transition metal compound (A-1), which is of a transition metal of any of 
groups 3 to 10 of the periodic table (with lanthanides and actinides being included in group 3) and contains a ligand hav- 
ing a cyclopentadienyl skeleton is preferable, a transition metal compound (A-2), which is of a transition metal of group 
4 of the periodic table and contains a ligand having a cyclopentadienyl skeleton, is more preferable, and a transition 
metal compound represented by general formula (IV) or (V) given below is even more preferable. 
[0106] Examples of the transition metal compound (A-1), which is of a transition metal of any of groups 3 to 1 0 of 
the periodic table (with lanthanides and actinides being included in group 3) and contains a ligand having a cyclopen- 



30 



EP 1 092 730 A1 



tadienyl skeleton, include transition metal compounds represented by the following general formula (MM). 

M 1 L X (111-1) 

[0107] In the above formula, M 1 indicates a transition metal atom selected from among groups 3 to 10 of the peri- 
odic table (with lanthanides and actinides being included in group 3), with specific examples including the same transi- 
tion metal atoms mentioned above, and is preferably a transition metal atom of group 4 of the periodic table (zirconium, 
titanium, and hafnium) and more preferably zirconium. 

[0108] x is a number that satisfies the atomic valence of transition metal atom M 1 and indicates the number of lig- 
ands L that are coordinated to transition metal atom M 1 . 

[0109] L indicates a ligand that is coordinated to the transition metal atom, at least one of the L's is a ligand having 
a cyclopentadienyl skeleton, and each of the L's other than the ligand having a cyclopentadienyl skeleton is a hydrocar- 
bon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, 
sulfur-containing group, silicon-containing group, halogen atom, or hydrogen atom, etc. 

[0110] Examples of a ligand having a cyclopentadienyl skeleton include alkyl-substituted cyclopentadienyl groups, 
such as the cyclopentadienyl group, methylcyclopentadienyl group, dimethylcyclopentadienyl group, trimethylcyclopen- 
tadienyl group, tetramethylcyclopentadienyl group, pentamethylcyclopentadienyl group, ethylcyclopentadienyl group, 
methylethylcyclopentadienyl group, propylcyclopentadienyl group, methylpropylcyclopentadienyl group, butylcyclopen- 
tadienyl group, methylbutylcyclopentadienyl group, and hexylcyclopentadienyl group, and also include the indenyl 
group, 4,5,6,7-tetrahydroindenyl group, fluorenyl group, etc. These groups may be substituted with a (halogenated) 
hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, sulfur-containing group, silicon-containing group, 
halogen atom, etc. 

[0111] If the compound represented by the above general formula (1 1 1-1) contains two or more ligands having 
cyclopentadienyl skeleton, two of such ligands having cyclopentadienyl skeleton may be bonded together via a bivalent 
bonding group, such as a (substituted) alkylene group, (substituted) silylene group, etc. Examples of a transition metal 
compound, in which two ligands having cyclopentadienyl skeleton are bonded via a bivalent bonding group and M 1 is a 
transition metal of group 4 of the periodic table, include transition metal compounds represented by the general formula 
(III-3) to be given below. 

[01 12] Specific examples of ligand L other than ligands having cyclopentadienyl skeleton include the following. 
[0113] That is, such examples include hydrocarbon groups with 1 to 20 carbon atoms, such as alkyl groups, 
cycloalkyl groups, alkenyl groups, arylalkyl groups, aryl groups, etc., and to be more specific, alkyl groups, such as the 
methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and icosyl groups; cycloalkyl groups, such as the cyclopentyl, 
cyclohexyl, norbornyl and adamantyl groups; alkenyl groups, such as the vinyl, propenyl and cyclohexenyl groups; ary- 
lalkyl groups, such as the benzyl, phenylethyl and phenylpropyl groups; and aryl groups, such as the phenyl, tolyl, 
dimethyfphenyl, trimethylphenyi, ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnapthyl, anthryl and phenanthryl 
groups. 

[011 4] Examples of halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups with which a halogen 
or halogens is or are substituted to the abovementioned hydrocarbon group with 1 to 20 carbon atoms. 
[0115] Examples of oxygen -containing groups include the hydroxy group; alkoxy groups, such as the methoxy, 
ethoxy, propoxy and butoxy groups; aryloxy groups, such as the phenoxy, methylphenoxy, dimethylphenoxy and nap- 
thoxy groups; and arylalkoxy groups, such as the phenylmethoxy and phenylethoxy groups. 

[0116] Examples of sulfur-containing groups include substituted groups with which the oxygen in the abovemen- 
tioned oxygen-containing group has been replaced by sulfur and also include sulfonate groups, such as the methylsul- 
fonate, trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate, p-tolunesuffonate, trimethylbenzenesulfonate, 
triisobutylbenzenesulfonate, p-chlorobenzenesulfonate and pentafluorobenzenesulfonate groups; and sulfinate groups, 
such as the methyteulfinate, phenylsulfinate, benzylsulfinate, p-toluenesulfinate, trimethylbenzenesulfinate and pen- 
tafluorobenzenesulfinate groups. 

[0117] Examples of silicon-containing groups include monohydrocarbon -substituted silyls, such as methylsifyl and 
phenylsilyl; dihydrocarbon-substituted silyls, such as dimethylsilyl and diphenylsilyl; tri hydrocarbon-substituted silyls, 
such as trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
tritolylsilyl and trinaphthylsilyl; silyl ethers of hydrocarbon-substituted silyls, such as trimethylsilyl ether; silicon-substi- 
tuted alkyl groups, such as the trimethylsilylmethyl group; and silicon-substituted aryl groups, such as the trimethylsilyl- 
phenyl group. 

[0118] Examples of halogen atoms include the fluorine atom, chlorine atom, bromine atom, iodine atom, etc. 
[0119] When the atomic valence of the transition metal compound is 4, examples of the transition metal compound 
are represented more specifically by the following general formula (III-2). 

R 7 R 8 R 9 R 10 M 1 (IH-2) 
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[0120] In the above formula, M 1 indicates a transition metal atom selected from among group 4 of the periodic table 
and is preferably the zirconium atom. 

[0121] R 7 indicates a group (ligand) having a cyclopentadienyl skeleton, and R 8 , R 9 and R 10 may be the same or 
may differ from each other, with each indicating a group (ligand) having a cyclopentadienyl skeleton, (halogenated) 
hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, sulfur-containing group, silicon-containing group, 
halogen atom, or hydrogen atom, etc. 

[0122] As the transition metal compound to be used in this invention and represented by the above general formula 
(IIJ-2), a compound, with which at least one of R 8 , R 9 , and R 10 is a group (ligand) having a cyclopentadienyl skeleton, 
for example, a compound with which R 7 and R 8 are groups (ligands) having cyclopentadienyl skeleton is preferable. 
Also in the case where R 7 and R 8 are groups (ligands) having cyclopentadienyl skeleton, each of R 9 and R 10 is prefer- 
ably a group having a cyclopentadienyl skeleton, alkyl group, cycloalkyl group, alkenyl group, arylalkyl group, aryl group, 
alkoxy group, aryloxy group, trialkylsilyl group, sulfonate group, halogen atom or hydrogen atom. 
[0123] Specific examples of transition metal compounds expressed by the general formula (lll-l) given above and 
with which M 1 is zirconium include bis (indenyl) zirconium dichloride, bis (indenyl) zirconium dibromide, bis (indenyl) zir- 
coniumbis (p-toluenesulfonate), bis (4,5 I 6,7-tetrahydroindenyl)zirconium dichloride, bis (fluorenyl) zirconium dichloride, 
bis (cyclopentadienyl) zirconium dichloride, bis (cyclopentadienyl) zirconium dibromide, bis (cyclopentadienyl)methyl- 
zirconium monochloride, bis (cyclopentadienyl) ethylzirconium monochloride, bis (cyclopentadienyl) cyclohexylzirco- 
nium monochloride, bis (cyclopentadienyl) phenylzirconium monochloride, bis (cyclopentadienyl) benzylzirconium 
monochloride, bis (cyclopentadienyl) zirconiummonochloride monohydride, bis (cyclopentadienyl) methylzirconium 
monohydride, bis (cyclopentadienyl) dimethyl zirconium, bis (cyclopentadienyl) diphenyl zirconium, bis (cyclopentadi- 
enyl) dibenzyl zirconium, bis (cyclopentadienyl) zirconium methoxychloride, bis (cyclopentadienyl) zirconium ethoxy- 
chloride, bis (cyclopentadienyl) zirconiumbis (methanesulfonate), bis (cyclopentadienyl) zirconiumbis (p- 
toluenesulfonate), bis (cyclopentadienyl) zirconiumbis (trifluoromethanesulfo nate), bis (methylcyclopentadienyl) zirco- 
nium dichloride, bis (dimethylcyclopentadienyl) zirconium dichloride, bis (dimethylcyclopentadienyl) zirconium ethoxy- 
chloride, bis (dimethylcyclopentadienyl) zirconiumbis (trifluorometh anesulfonate), bis (ethylcyclopentadienyl) 
zirconium dichloride, bis (methylethylcydopentadienyl) zirconium dichloride, bis (propylcydopentadienyl) zirconium 
dichloride, bis (methylpropylcyclopentadienyl) zirconium dichloride, bis (butylcyclopentadienyl) zirconium dichloride, bis 
(methylbutylcyclopentadienyl) zirconium dichloride, bis (methylbutylcyclopentadienyl) zirconiumbis (methanesul 
fonate), bis (trimethylcyclopentadienyl) zirconium dichloride, bis (tetramethylcyclopentadienyl) zirconium dichloride, bis 
(pentamethylcyclopentadienyi) zirconium dichloride, bis (hexylcyciopentadienyl) zirconium dichloride and bis (trimeth- 
ylsifylcyclopentadienyl) zirconium dichloride. 

[0124] In the examples given above, di-substituted forms of the cyclopentadienyl ring include 1 ,2- and 1 ,3- di-sub- 
stituted forms, and tri-substituted forms of the cyclopentadienyl ring include 1 ,2,3- and 1 ,2,4- tri-substituted forms. Also, 
the alkyl groups, such as propyl, butyl, etc., include isomers such as n- f i-, sec- and tert-. 

[0125] Compounds with which the zirconium in the zirconium compounds given above has been replaced by tita- 
nium or hafnium may also be given as examples. 

[0126] Transition metal compounds, with which two ligands having cyclopentadienyl skeleton are bonded via a biva- 
lent bonding group, include for example the compounds represented by the following general formula (IH-3). 




• • • (III-3) 
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[0127] In the above formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, and is preferably zirconium. 

[0128] R 25 , R 26 , R 27 and R 28 may be the same or may differ from each other, with each indicating a hydrogen atom, 
nitrogen-containing group, phosphorus-containing group or the same hydrocarbon group of 1 to 20 carbon atoms, hal- 
5 ogenated hydrocarbon group of 1 to 20 atoms, oxygen-containing group, sulfur-containing group, silicon-containing 
group, or halogen atom, etc., as L in general formula (111-1) given above. 

[0129] Examples of nitrogen-containing groups Include the amino group; alkylamino groups, such as the methyl- 
ami no, dimethylamino, diethylamino, dipropylamino, dibutylamino and dicyclohexylamino groups; and arylamino and 
alkylarylamino groups, such as the phenylamino, diphenylamino, ditolylamino, dinaphthylamino and methylphe- 
io nylamino groups. 

[0130] Examples of phosphorus-containing groups include phosphino groups, such as the dimethylphosphino and 
diphenylphosphino groups. 

[0131] Of the groups indicated by R 25 , R 26 , R 27 and R 28 , portions of mutually adjacent groups may be linked 
together and form a ring along with the carbon atoms bonded to each group. 

is [0132] Though each of R 25 , R 26 , R 27 and R 28 is indicated at two positions, such groups, for example the R 25 and 
R 25 groups, may be the same group or may be different groups. Groups among the groups indicated by R 25 to R 28 that 
are provided with the same symbols indicate preferable combinations in cases where they are joined to form a ring. 
[0133] Examples of the ring, formed by the joining of parts of mutually adjacent groups among the groups indicated 
by R 25 , R 26 , R 27 and R 28 and the carbon atoms bonded to these groups, include fused ring groups, such as the ben- 

20 zene ring, naphthalene ring, acenaphthene ring, indene ring, etc., and groups with which a hydrogen atom in an above- 
mentioned group has been substituted with alkyl group such as methyl, ethyl, propyl or butyl. 
[0134] Examples of halogen atoms include the same halogen atoms as those indicated above for L. 
[0135] Of the above, each of R 25 , R 26 , R 27 and R 28 is preferably a hydrocarbon group of 1 to 20 carbon atoms or 
the hydrogen atom and especially preferably a hydrocarbon group of 1 to 4 carbon atoms, such as the methyl, ethyl, 

25 propyl or butyl group, a benzene ring formed by the bonding of hydrocarbon groups, or a group with which a hydrogen 
atom on a benzene ring formed by the bonding of a hydrocarbon group has been replaced by alkyl group such as 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl ortert-butyl. 

[0136] X 1 and X 2 may be the same or may differ from each other, with each indicating the same hydrocarbon group 
of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, sulfur-con- 

30 tainlng group, silicon-containing group, hydrogen atom, or halogen atom as the L in the general formula (111-1) given 
above. Of these, halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms, and sulfonate groups are preferable. 
[0137] Y 1 indicates a bivalent hydrocarbon group of 1 to 20 carbon atoms, bivalent halogenated hydrocarbon group 
of 1 to 20 carbon atoms, bivalent silicon-containing group, bivalent germanium-containing group, bivalent tin-containing 
group, -O-, -CO-, -S-, -SO-, -S0 2 -, -Ge-, -Sn- f -NR 21 -, -P (R 21 ) -, -P (O) (R 21 ) - f -BR 21 - or -AIR 21 -(where the R 21 's may 

35 be the same or may differ from each other, with each being a hydrocarbon group of 1 to 20 carbon atoms, halogenated 
hydrocarbon group of 1 to 20 carbon atoms, hydrogen atom, or halogen atom). 

[0138] Specific examples of bivalent hydrocarbon groups of 1 to 20 carbon atoms include alkylene groups, such as 
the methylene, dimethyimethylene, 1 ,2-ethylene, dimethyl-1 ,2-ethylene, 1,3-trimethylene, 1 ,4-tetram ethylene, 1,2- 
cyclohexylene and 1 ,4-cyclohexylene; and arylalkylene groups, such as the diphenylmethylene and diphenyl-1,2-ethyl- 
40 ene. 

[0139] Specific examples of bivalent hydrocarbon groups of 1 to 20 carbon atoms include bivalent hydrocarbon 
group of 1 to 20 carbon atoms has been halogenated, such as chlorom ethylene group. 

[0140] Specific examples of bivalent silicon groups include alkylsilylene groups; alkylarylsilylene groups; and aryls- 
ilylene groups, such as sitylene, methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)sirylene, di(i-pro- 
45 pyl)silylene, di (cyclohexyl) silylene, methyfphenylsilyfene, diphenylsilylene, di(p-tolyl)silylene and di(p- 
chlorophenyl)sirylene; and alkyldisilylene groups; alkylaryldisilyiene groups; and aryldisilylene groups, such as tetram- 
ethyl-1 ,2-disilylene and tetraphenyl-1 ,2-disifylene. 

[0141] Examples of bivalent germanium-containing groups include groups with which the silicon in the abovemen- 
tioned bivalent-silicon groups has been replaced by germanium. 
so [0142] Examples of bivalent tin-containing groups include groups with which the silicon in the abovementioned 
bivalent-silicon groups has been replaced by tin. 

[0143] R 21 is the same kind of hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 
20 carbon atoms, or halogen atom as the L in the general formula (II 1-1) given above. 

[0144] Of the above, Y 1 is especially preferably a substituted silylene group, such as dimethylsilylene, diphenylsi- 
55 lylene and methylphenylsilylene. 

[0145] Specific examples of transition metal compounds represented by the general formula (HI-3) given above 
include ethylene-bis (indenyl) dimethyl zirconium, ethylene-bis (ihdenyl) zirconium dichloride, ethylene-bis (indenyl) zir- 
coniumbis (trifluoromethanesulfonate), ethylene-bis (indenyl) zirconium bis (methanesulfonate), ethylene-bis (indenyl) 
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zirconium bis (p-toluenesulfonate), ethylene-bis (indenyl) zirconiumbis (p^chlorobenzenesulfonate), ethylene-bis 
(4,5,6, 7-tetrahydroindenyl)zirconium dichloride, isopropylidene-bis (cyclopentadienyl) (fluorenyl) zirconium dichloride, 
isopropylidene-bis (cyclopentadienyl) (methylcyclopentadienyl) zirconium dichloride, dimethylsilylene-bis(cyclopentadi- 
enyl)zirconium dichloride, tfmethylsilylene-bis(me%!cyclopentacrieriyl)zirconlum dichloride, dimethyisilylene- 
bis(dimethylcyclopentadienyl)zinconium dichloride, o1methylsilylene-bis(trimethylcyclopentadienyl)zirconium dichloride, 
dimethylsilylene-bis{indenyl)zirconium dichloride, dimethylsilylene-bis (indenyl) zirconiumbis(trifluoromethanesul- 
fonate), dimethylsilylene-bis (4,5,6,7-tetrahydroindenyl)zirconium dichloride, dimethylsilylene-bis (cyclopentadienyl) 
(fluorenyl) zirconium dichloride, diphenylsiIylene-bis(indenyl)zirconium dichloride, methylphenylsilylene-bis (Indenyl) 
zirconium dichloride, rac-dimethylsilylene-bis (2,3,5-trimethylcyclopentadienyl) zirconium dichloride, rac-dimethylsi- 
lylene-bis (2,4 t 7-trimethylcyclopentadienyl)zirconium dichloride, rac-dimethylsilylene-bis (2-methy1-4-tert-butylcy- 
clopentadienyl) zirconium dichloride, isopropylidene- (cyclopentadienyl) (fluorenyl) zirconium dichloride, 
dimethylsilylene-(3-tert-butylcyclopentadienyl) (indenyl) zirconium dichloride, isopropylidene- (4-methylcyclopentadi- 
enyl) (3-methylindenyI) zirconium dichloride, isopropylidene- (4-tert-butylcyclopentadienyl) (3-methylindenyl) zirconium 
dichloride, isopropylidene- (4-tert-butylcyclopentadienyl) (3-tert-butylindenyl) zirconium dichloride, dimethylsilylene- (4- 
methylcyclopentadienyl) (3-methylindenyl)zirconium dichloride, dimethylsilylene- (4-tert-butylcyclopentadienyl) (3- 
methylindenyl) zirconium dichloride, dimethylsilylene- (4-tert-butylcyclopentadienyl) (3-tert-butylindenyl) zirconium 
dichloride, dimethylsirylene-(3-tert-butyIcyclopentadienyl) (fluorenyl) zirconium dichloride, and 
isopropylidene-(3-tert-butylcyclopentadienyl) (fluorenyl) zirconium dichloride. 

[0146] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0147] More specifically, examples of transition metal compounds represented by the above general formula (II I-3) 
include transition metal compounds represented by the general formulae (III-4) and (III-5) given below. 




• •* - (III-4) 



[0148] In the above formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically tita- 
nium, zirconium or hafnium, and is ^ preferabV zirconium^ 

[0149] The R 31l s may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 
6 carbon atoms. Specific examples include alkyl groups, such as the methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl groups; and alkenyl groups, such as the vinyl and pro- 
penyl groups. Among these, alkyl groups, with which the carbon atom bonded to the indenyl group is the primary carbon 
atom, is preferable, an alkyl group of 1 to 4 carbon atoms is more preferable, and the methyl group and ethyl group are 
especially preferable. 

[0150] R 32 , R 34 , R 35 and R 36 may be the same or may differ from each other, with each indicating a hydrogen atom, 
halogen atom, or the same kind of hydrocarbon group of 1 to 6 carbon atoms as R 31 . 

[0151] The R 33 ^ may be the same or may differ from each other, with each indicating a hydrogen atom or ary I group 
of 6 to 16 carbon atoms. Specific examples include the phenyl, cc-naphthyl, p-naphthyl, anthryl, phenanthryl, pyrenyl, 
acenaphthyl, phenarenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and biphenyryl. Of these, R 33 is preferably the 
phenyl, naphthyl, anthryl or phenanthryl. 

[0152] These aryl groups may be substituted by a halogen atom, such as fluorine, chlorine, bromine, or iodine, 
a hydrocarbon group with 1 to 20 atoms, for example, an alkyl group, such as the methyl, ethyl, propyl, butyl, hexyl, 
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cyclohexyl, octyl, nonyl, dodecyl, icosyl, norbornyl or adamantyl group; an alkenyl group, such as the vinyl, propenyl 
or cyclohexenyl group; an arylalkyl group, such as the benzyl, phenylethyl or phenylpropyl group; or an aryl group, 
such as the phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylpheny!, propylphenyl, blphenyryl, a- or p-naphthyl, 
methylnaphthyl, anthryl, phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, phenarenyl, aceanthrylenyl, tetrahydro- 
naphthyl, indanyl or biphenyryl; or 

an organic silyl group, such as the trimethylsilyl, triethylsilyl or triphenylsilyl group. 

[0153] X 1 and X 2 may be the same or may differ from each other and are respectively defined as being the same 
as X 1 and X 2 in the general formula (III-3) given above. Among the examples given above, each of X 1 and X 2 is prefer- 
ably a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 

[0154] Y 1 is defined as being the same as Y 1 in the general formula (W-3) given above. Among the examples given 
above, Y 1 is preferably a bivalent si neon-containing group or a bivalent germanium-containing group, more preferably a 
bivalent silicon-containing group, and even more preferably an alkylsilylene, alkylarylsilylene or arylsilyiene. 
[0155] Specific examples of transition metal compounds represented by the general formula (III-4) given above 
include the following; rac-dimethylsilylene-bis(1-(2-methyl-4-phenylindenyl))zirconium dichloride, rac-dimethylsilylene- 
bis (1-(2-methyl-4-(a-naphthyl)indeny0)zirconium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(P-naphthyl)inde- 
nyl))zirconium dichloride, rac-dimethyisilylene-bis(1-(2-methyl-4-(lanthryl)indenyl))zirconium dichloride, rac-dimethylsi- 
lylene-bis(1 -(2-methyl-4-(2-anthiyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-(9- 
anthryl)indenyl))zirconium dichloride, rac-dimethy1silylene-bis(1 -{2-methyl-4-(9-phenanthryl)indenyl))zirconium dichlo- 
ride, rac-dimethylsilylene-bis(1 •(2"methyl-4-(p-fluorophenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 - 
(2-methyl-4-(pentafluorophenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(p-chlorophe- 
nyl)indenyl))zirconium dichloride, rac-dirnethylsilylene-bis(1 -(2-methyl-4-(m-chlorophenyl)indenyl))zirconium dichlo- 
ride, rac-dimethylsilylene-bis(1-(2-methyl-4-(o-chlorophenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis{1 - 
(2-methyl-4-(o,p-dichlorophenyl)phenylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(p- 
bromophenyl)indenyO)zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-(p-tolyl)indenyl))zirconium dichlo- 
ride, rac-dimethy1silylene-bis(1 -(2-methyl-4-(m-tolyl)indenyl))zirconium dichloride, rac-dimethylsily!ene-bis(1 -(2-methyl- 
4-(o-toryl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-(o,o'-dimethylphenyl)-1 -indenyl))zirco- 
nium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(p-ethyIphenyI)indenyl))zirconium dichloride, rac-dimethylsi- 
lylene-bis (1 -{2-fnethyl-4-(p-i-propyfphenyl)indenyl))zirconium dichloride, rac-dimethylsirylene-bis(1-(2-methyl-4-(p- 
benzylphenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(p-biphenylyI)indenyl))zirconium 
dichloride, rac-dimethylsirylene-bis(1 -(2-methyl-4-(m-biphenylyl)indenyl))zirconium dichloride, rac-dimethylsilylene- 
bis(1 -(2-methyl-4-(p-trimethylsifylenephenyl)lndenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-(m- 
trimethylsilylenephenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-phenyl-4-phenylindenyI))zirconium 
dichloride, rac-diethylsilylene-bis(1-(2-methyl-4-phenylindenyl))zirconium dichloride, rac-di-(i-propyl)silyIene-bis (1- (2- 
methyl-4-phenylindenyl))zirconium dichloride, rac-di-(n-butyl)silylene-bis (1- (2-methyl-4-phenylindenyl))zirconium 
dichloride, rac-dicyclohexylsilylene-bis(1 -(2-methyI-4-phenylindenyl))zirconium dichloride, rac-methylphenylsilylene- 
bis(1 -(2-methyl-4-phenylindenyl))zirconium dichloride, rac-diphenylsilylene-bis(1 -(2-methyJ-4-phenylindenyl))zirconium 
dichloride, rac-di(p-totyl)silylene-bis(1-(2-methyJ-4-phenynndenyl))zircon!um dichloride, rac-di (p-chlorophenyl) 
silylene-bis (1- (2-methyl-4-phenylindenyl)) zirconium dichloride, rac-methylene-bis(1-(2-methyl-4-phenylindenyl)) zir- 
conium dichloride, rac-ethylene-bis(1-(2-methyl-4-phenylindenyl))zirconium dichloride, rac-dimethylgermylene-bis(1- 
(2-methyl-4-phenylindenyl))zirconium dichloride, rac-dimethylstannylene-bis(1-(2-methyl-4-phenylindenyl))zirconium 
dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-phenylindenyl))zirconium dibromide, rac-dimethylsily!ene-bis(1 -(2- 
methyl-4-phenylindenyl))zirconium dimethyl, rac-dimethylsilylene-bis(1 -(2-methyl-4-phenylindenyl))zirconium methyl- 
chloride, rac-cfimethylsilylene-bis(1-(2-methyl-4-phenylindenyl))zirconium chloride S0 2 Me, rac-dimethylsilylene-bis(1- 
(2-fnethyl-4-phenylindenyl))zirconium chloride OS0 2 Me, rac-dimethylsilylene-bis(1 -(2-ethyl-4-pheny1indenyl))zirco- 
nium dichloride, rac-dimethylsilylene-bis(1-(2-ethyl-4-(a-naphthyl)indenyl))zirconium dichloride, rac-dimethylsilylene- 
bis(1 -(2-ethyU-(P-naphthyl)indeny1))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(2-methyM -naph- 
thyl)indenyI))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(5-acenaphthyl)indenyl))zirconium dichloride, 
rac-dimethytst(ylene-bis(1 -(2-ethyl-4-(9-anthryl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(9- 
phenanthryl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-ethyl-4-(o-methyIphenyl)indenyl))zirconium 
dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(m-methylphenyl)indenyl))zirconium dichloride, rac-dimethylsilylene- 
bis(1 -(2-ethyl-4-(p-methylphenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(2,3-dimethylphe- 
nyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethy1-4-(2,4-dimethylphenyl)indenyl))zirconium dichlo- 
ride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(2,5-dimethytphenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 - 
(2-ethyl-4-(2 f 4,6-trimethylphenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-ethyl-4-(o-chlorophe- 
nyl)indenyl))zirconium dichloride, rac-dimethylsiJylene-bis(1 -(2-ethyl-4-(m-chIorophenyl)indenyl))zirconium dichloride, 
rac-dimethylsirylene-bis(1 -(2-ethyl-4-(p-chIorophenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyf- 
4-(2,3-dichIorophenyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-ethyl-4-(2,6-dichlorophenyl)inde- 
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nyl))zirconium dichloride, rac-dimethylsilylene-bts(H^ dichloride, rac- 

dimethytsilylene-bis(1 -(2-ethyl-4-(2-bromophenyl)mdenyI))2irconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4- 
(3-bromophenyl)indeny0)zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(4-bromophenyl)indenyl))zirconium 
dichloride, rac-dimethylsilylene-bis(1 -(2-ethyl-4-(4-biphenylyi)indeny())zirconium dichloride, rac-dimethylsilylene-bis(1- 
(2-ethyl-4-(4-trimethylsilylphenyl)indenyl))zirconiurn dichloride, rac-dimethylsilylene-bis(1-(2-n-propyl-4-pheny!inde- 
nyi))zirconium dichloride, i^-dimethylsilytene-bis(1-(2-n-propyl^(a-naphthyl)indenyl))zirconium dichloride, rac- 
dimethylsilylene-bis(1 -(2-niaropyl-4-(p-naphthy0indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-n-propyl-4- 
(2-methyl-1 -naphthyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis( 1 -(2-n-propyl-4-(5-acenaphthyl)inde- 
nyl))zirconium dichloride, rac-dime%lsilylene-bis(1-(2-n-propyl^-(9-anthryl)indenyl))zirconiurn dichloride, rac-dimeth- 
ylsilylene-bis(1-(2-n-propyl^(9-phenanthry0indenyl))zirconiiim dichloride, rac-dimethylsilylene-bis(1-(2-1-propyl-4- 
phenyfindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-i-propyl-4-(a naphthyl)indenyl))zirconium dichloride, 
rac-dimethyfsilylene-bis(1 -(2-i-propyl-4-(p.naphthyl)indenyJ))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-i-pro- 
pyl-4-(8-methyl-9-naphthy0indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-i-propyM-(5-acenaphthyl)inde- 
nyl))zirconium dichloride, rac-dmethylsilylene-bis(1-(2-h^ dichloride, rac- 

dimethylsilylene-bis(1 -(2-i-propyl-4-(9-phenanthryl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-s-butyl- 
4-phenyfindenyl))zirconium dichloride, rac-dime%lsily!ene-bis(1-(2-s4)uty^ dichlo- 
ride, rac-dimethy1silylene-bis(1 -(2-s-butyM-(P-naphtryi)indenyl))zirconium dichloride, rac-dimethy!si!ylene-bis(1 -(2-s- 
butyl-4-(2-methyl-1 -naphthyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-s-butyl-4-(5-acenaphthyl)inde- 
nyl))zirconium dichloride, rac^imethyIsilylene^is(1-(2-s-butyl-4-(9-anthryl)indenyl)zirconium dichloride, rac-dimethyls- 
ilylene45is(1-(2-s-butyl-4-(9-phenanthiyQindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-n-pentyl-4- 
phenylindenyl))zirconium dichloride, rac-<limethylsilylene-bis(1 -(2-n-pentyl-4-(a-naphthy0indenyl))zirconium dichloride, 
rac-dimethylsilylene-bis(1 -(2-n-butyl-4-phenylindenyl))zirconium dichloride, rac-dimethyisilylene-bis(1 -(2-n-butyl-4-(cc- 
naphthyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-n-butyi-4-(P-naphthyl)indenyl))zirconium dichlo- 
ride, rac-dimethylsilylene-bis(1-(2-n-biJtyl-4-(2-methyl-1 -naphthyl)indenyl))zirconium dichloride, rac-dimethylsilylene- 
bis(1-(2-n-butyl-4-(5-acenaphthyl)indenyl))zirconium dichloride, rac-dimetrvlsifylene-bis(1-(2-n-butyl-4-(9-anthry0inde- 
nyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-n-butyl-4-(9-phenanthryl)indenyl))zirconiu dichloride, rac- 
dimethylsilylene-bis(1 -(2-i-bu1yl-4-phenyltndenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-i-butyl-4-(a-naph- 
thyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-i4>utyI-4-(P-naphthyl)indenyl))zirconium dichloride, rac- 
dimethylsilylene-bis(1-(2-i-butyl-4-(2-^^ dichloride, rac-dimethylsilylene-bis(1-(2-i- 

butyl-4-(5-acenaphthyl)indenyf))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-i-butyl-4-(9-anthryl)indenyl))zirco- 
nium dichloride, rac-dimethylsiVlene-bis(1-(2-i-butyl-4-(9-phenanthryl)indenyl))zirconium dichloride, rac-dimethylsi- 
lylene-bis(1-(2-neopentyl-4-phenylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-neopentyl-4-(a- 
naphthy1)indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-n-hexyl-4-phenylindenyl))zirconium dichloride, 
rac<nmethylsilylene-bis(1-(2-n-hexyl-4-(a-naphthyl)indenyl))zirconiurn dichloride, rac-memylphenylsilylene-bis(1-(2- 
ethyi-4i3henylindeny0)zircpnium dichloride, rac-methylphenylsilylene-bis(1-(2-ethyl-4-(a-naphthyl)indenyl))zirconium 
dichloride, rac-methylphenylsilylene-bis(1 -(2-ethyl-4-(9-anthryl)indenyl))zirconium dichloride, rac-methylphenylsilylene- 
bis(1 -(2-ethyl-4-(9-phenanthryl)indenyl))zirconium dichloride, rac-diphenylsililene-bis(1 -(2-ethyl-4-phenylindenyl))zirco- 
nium dichloride, ra-cfiphenylsililene-bis(1-(2-e^ dichloride. rac-diphenylsililene- 

bis(1-(2-ethyl-4-(9-anthry0indenyl))zirconium dichloride, rac-diphenylsililene-bis(1-(2-ethyl-4-(9-phenanthryl)inde- 
nyl))zirconium dichloride, rac-diphenylsililene-bis(1-(2-ethyl-4-(4'biphenylyl)indenyl))zirconium dichloride, rac-methyl- 
ene-bts(1-(2-ethyl-4-phenylindenyl))zirconium dichloride, rac-rnethylene-bis(1-(2-ethy|-4-(a-naphthyl)indenyl))zirco- 
nium dichloride, rac-ethylene-bis(1-(2-ethyl-4-phenylindenyl))zirconium dichloride, rac-ethylene-bis(1-(2-ethyl-4-(cc- 
naphthyl)indenyl))zirconium dichloride,- rac-emylene-bis(1 -(2^ 

dimethylgermyl-bis(1 -(2-ethyM-phenylindenyl))zirconium dichloride, rac-dimethylgermyl-bis(1 -(2-ethyl-4-(ct-naph- 
thyl)indenyl))zirconium dichloride, and rac-cfimethylgermyl-bis(1-(2-n^ropyl-4-phenyiindenyl))zirconium dichloride. 
[0156] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0157] In the present invention, though a racemic composition of a transition metal compound expressed by the 
general formula (III-4) given above is normally used as the catalyst component, the R form or the S form may be used 
as well. 

[0158] Such a transition metal compound expressed by general formula (IH-4) may be produced in accordance with~ 
pp. 63 to 67 of the Jourhalof Orgahofnetallic Chem. 288 (1985) and the specification and embodiments given in Euro- 
pean Patent Application Publication No. 0,320,762. 

[0159] The transition metal compound represented by the general formula (III-5) shall now be described. 
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• • • (III-5) 



[0160] In the above formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, and is preferably zirconium. 

[0161] R 37 and R 38 may be the same or may differ from each other, with each indicating a hydrogen atom or the 
same kind of hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 atoms, oxygen- 
containing group, sulfur-containing group, silicon-containing group, or halogen atom, etc., as L in general formula (MM) 
given above, or the same kind of nitrogen-containing group or phosphorus-containing group as R 25 to R 28 in general 
formula (HI-3) given above. 

[0162] Of these, R 37 is preferably a hydrocarbon group of 1 to 20 carbon atoms and especially preferably a hydro- 
carbon group of 1 to 3 carbon atoms, such as the methyl, ethyl or propyl. R 38 is preferably a hydrogen atom or a hydro- 
carbon group with 1 to 20 carbon atoms and especially preferably a hydrogen atom or a hydrocarbon group with 1 to 3 
carbon atoms, such as the methyl, ethyl or propyl. 

[0163] R 39 and R 40 may be the same or may differ from each other, with each indicating an alkyl group of 1 to 20 
carbon atoms. Specific examples include linear and branched alkyl groups of 1 to 20 carbon atoms, such as the methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl, cyclohexyl, octyl, nonyl, 
dodecyl and icosyl; and cycloalkyl groups, such as the norbornyl and adamantyl. 
[0164] Of the above, R 39 is preferably a secondary or tertiary aJkyl group. 

[0165] X 1 and X 2 may be the same or may differ from each other and are respectively defined as being the same 
as X 1 and X 2 in the general formula (111-3) given above. 

[0166] Y 1 is defined as being the same as Y 1 in the general formula (III-3) given above. 

[0167] Specific examples of transition metal compounds represented by the above general formula (IJI-5) include 
the following; rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-ethylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1- 
(2,7-dimethyl-4-n-propylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-i-propylindenyl))zirco- 
nium dichloride, rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-n-butylindenyl))ztrconium dichloride, rac-dimethylsilylene- 
bis(1-(2,7-dimethyl-4-sec-butyIindenyl))zirconium dichloride, rac-dimethylsilyIene-bis(1-(2,7-dimethyl-4-t-butylinde- 
nyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-n-pentylindenyl))zircontum dichloride, rac-dimeth- 
ylsilylene-bis(1 -(2,7-dimethyl-4-n-hexylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2,7-dtmethyl-4- 
cyclohexylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-methylcyclohexylindeny1))zirconium 
dichloride, rac-dimethylsilylene-bis(1 -(2,7-dimethyl-4-phenylethylindenyl))zirconium dichloride, rac-dimethylsilylene- 
bis(1 -(2,7-dimethyl-4-phenyldichloromethylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2,7-dimethyl-4- 
chloromethylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-trimetriyIsilylmethylindenyO)zirco- 
nium dichloride, rac-dimethylsilylene-bis(1-(2 l 7-dimethyl-4-trimethylsiloxymethyIindenyl))zirconium dichloride, rac- 
diethylsilylene-bis(1 -(2,7-dtmethyl-4-i-propylindeny0)zirconium dichloride, rac-di(i-propyl)silylene-bis(1 -(2,7-dimethyl-4- 
i-propytindenyl))zirconium dichloride, rac-di(n-butyl)silylene-bis(1 -(2,7-dimethyl-4-ii3ropylindenyl))zirconium dichloride, 
rac-di(cydohexyl)silylene-bis(1 -(2,7-dimethyl-4-i-propyIindenyl))zirconium dichloride, rac-methylphenylsilylene-bis(1 - 
(2 f 7-dimethyl-4-i-propylindenyl))zirconium dichloride, rac-methylphenylsilylene-bis(1-(2,7-dimethyl-4-t-butylindenyl))zir- 
conium dichloride, rac-diphenylsilylene-bis(1-(2,7-dimethyl-4-t-butylindenyJ))zirconium dichloride, rac-diphenylsilylene- 
bis(1 «(2,7-dimethyl-4-i-propylindenyl))zirconium dichloride, rac-diphenylsilylene-bis(1 -(2,7-dimethyl-4-ethyiindenyl))zir- 
conium dichloride, rac-di(p-tolyl)silylene-bis(1-(2,7-dimethyl-4-i-propylindeny())zirconium dichloride, rac-di(p-chloroph- 
enyl)silylene-bis(1 -(2,7-dimethyl-4-i-propylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-i- 
propyl-7-ethylindenyl))zirconium dibromide, rac-dimethylsilylene-bis(1-(2,3 l 7-trimethyI-4-ethyfindenyl))zirconium 
dichloride, rac-cfimethylsilylene-bis(1-(2,3,7-trimethyl-4-n-propyIindenyO)zircontum dichloride, rac-dimethylsilylene- 
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bis(1 -(a.ay-trimethyM-i-propylindenyOJzirconium dichloride, rac-dimethylsily1ene-bis(1 -(2,3 ( 7-trimethyl-4-n-butylinde- 
nyl))zirconium dichloride, rac-dimethylsilylene-bisO-foSJ-trim dichloride, rac- 

cfimethylsilylene^is(1-(2,3,74rime%l-4-t4)utylinderyI))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,3,7-trime- 
tryl-4-n-pentylindenyl))zirconium dichloride, rac-cnmethylsilylene-bis(1-(2,3,7-trimethyl^-n-hexylindenyl))zirconium 
dichloride, rac-dimethylsilylene-bis(1 -(a.SJ-trimethyl-A-cyclohexylindenyOJzirconium dichloride, rac-dimethylsilylene- 
bis(1-(2,3,7-trimethyi-4-methylcyclohexynndenyl))zirconiurn dichloride, i^^methylsilylene-bis(1-(2,3,7-trirnethyl-4-tri- 
rnethylsilyImetrtylindenyl))zirconium dichloride, rac-dime%lsily!ene-bis(1-(2,3,7-tri^ 

nyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2,3,7-trimethyM-phenylethylindenyO)zirconium dichloride, rac- 
dimethy1sirylene-bis(1-(2,3,7-trimetr^^^ dichloride, rac-dimethylsilylene-bis(1- 

(2,3 l 7-trimetrori^-chlorome%Rndenyl))zirconiurn dichloride, rac-diethylsilylene-bis(1-(2,3,7-trimethyl-4-i-propylinde- 
nyl))zirconium dichloride, iac-di(j^ropyl)silylene^is(1-(2,3,74rimethyl-4H-propylindenyO)zin»nium dichloride, rac-di(n- 
butyl)silylene-bis(1 -(2,3,7-trimethyl-4-i-propylindenyl))zircon)um dichloride, rac-di(cyclohexyl)silylene-bis(1 -(2,3,7-tri- 
methyl-4-i-propylindenyI))zirconium dichloride, rac-methylpheny1silylene-bis(1-(2,3,7-trim 

nium dichloride, rac-methylphenylsilylene-bis(1-(2,3,7-trimethyl^+butylindenyl))zirconiurn dichloride, rac- 
diphenylsilyiene-bis(1 -(2,3,74rirnethyl-4't-butylindenyl))zirconium dichloride, rac-diphenylsilylene-bis(1 -(2,3,7-trime- 
thyl-4-i-propylindenyl))zirconium dichloride, rac-diphenylsilylene-bis(1 -(2,3,7-trimethyl-4-ethylindenyl))zirconiijm dichlo- 
ride, rac-di(p-tolyl)silylene-bis(1-(2,3,74rimethyl-4-i-propylindenyl))zirconium dichloride, rac-di(p-chlorophenyl)silylene- 
bis(1 -(2,3,7-trimethyl-4-i-propylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl-4-i-propyl-7-methyl- 
indenyl))zirconium dimethyl, rac-dimethylsilylene-bis{1 -(2-rnethyl-4-i-propyl-7-rnethylindenyl))zirconium methylchloride, 
rac-dimethylsitylene-bis(1-(2-methyl-4-i-pro^ rac-dimethylsi- 
lylene-bis(1-(2-methyl-4-ii3ropyl-7-methy^ rac-dimethylsilylene-bis(1-(2- 
metryl-3-methyW-ii3ropyl-7^ethynndenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-rnethyl-4,6-di-i-propyl- 
indenyl))zirconium dichloride, rac-dimethylsilylene-bis(1-(2-ethyl-4-i-pro dichloride, rac- 

dimethylsilylene-bis(1 -(2-phenyl-4-i-propyl-7-methylindenyl))zirconium dichloride, rac-dimethylsilylene-bis(1 -(2-methyl- 
indenyl))zirconium dichloride, rac-ethylene-bis(1 -(2,4,7-trimethylindenyl))zirconium dichloride and rac-isopropyiidene- 
bis(1 -(2,4,7-trimethylindenyl))zirconium dichloride. 

[0168] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0169] Among the above, compounds having a branched alky] group, such as the i-propyl, sec-butyl or tert-butyl at 
the fourth position are especially preferable. 

[0170] In the present invention, though a racemic composition of a transition metal compound represented by the 
general formula (MI-5) given above is normally used as the catalyst component, the R form or the S form may be used 
as well. 

[0171] Such a transition metal compound represented by general formula (III-5) may be produced by a known 

method, for example, the method described in Japanese Laid-open Patent Publication No. 26B307/1992. 

[0172] The transition metal compound represented by the following general formula (IV) shall now be described. 




• ' • (IV) 



[0173] In the formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirconium, 
titanium or hafnium, and is preferably zirconium. 

[0174] R 11 to R 20 may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 
40 carbon atoms, halogenated hydrocarbon group of 1 to 40 carbon atoms, oxygen-containing group, sulfur-containing 
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group, silicon-containing group, halogen atom or hydrogen atom, etc. 

[0175] Specific examples of hydrocarbon groups of 1 to 40 carbons include alkyl groups of 1 to 20 atoms, such as 
the methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl and icosyl; aryl groups of 6 to 20 carbon atoms, 
such as the phenyl, a- and p-naphthyl, biphenyryl, anthryl and phenanthryl; arylalkyl groups of 7 to 40 carbon atoms, 
such as the benzyl, phenylethyf, phenylpropyl, phenanthrylmethyl, phenanthrylethyl and phenanthryipropyl; arylalkenyl 
groups of 8 to 40 carbon atoms, such as the vinylphenanthryl; afkylaryl groups of 7 to 40 carbon atoms, such as the 
methylphenanthryf, ethylphenanthryl and propylphenanthryl, and alkenyl groups of 2 to 10 carbon atoms, such as the 
vinyl, propenyl and cyclohexenyl. 

[0176] Examples of halogen ated hydrocarbon groups of 1 to 40 carbon atoms include groups with which the above- 
mentioned hydrocarbon groups of 1 to 40 carbon atoms have been substituted with halogen. 

[01 77] The same groups and atoms given as examples above for general formula (1 1 1-1 ) may be given as examples 
of oxygen -containing groups, sulfur-containing groups, silicon-containing groups and halogen atoms. 
[0178] Combinations of two adjacent groups among R 11 to R 20 , for example, R 11 and R 12 , R 13 and R 14 , and R 15 
and R 16 may be linked mutually to form aromatic rings respectively along with the carbon atoms bonded to the respec- 
tive groups, and these aromatic rings may be substituted with a hydrocarbon group of 1 to 40 carbon atoms, halogen- 
ated hydrocarbon group of 1 to 40 carbon atoms, oxygen -containing group, sulfur-containing group, silicon-containing 
group, halogen atom, etc. 

[0179] In this case, the transition metal compound represented by general formula (IV) is expressed by any of the 
following general formulae (i) to (iv). 
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[0180] in the formulae, R 41 to R 42 may be the same or may differ from each other, with each indicating a hydrocar- 
so bon group of 1 to 40 carbon atoms, halogenated hydrocarbon group of 1 to 40 carbon atoms, oxygen-containing group, 
sutfur-containing group, silicon-containing group, halogen atom or hydrogen atom, and specific examples thereof 
include the same groups and atoms as those given as examples of R 1 1 to R 20 in the general formula (IV) given above. 
[0181] X 1 and X 2 may be the same or may differ from each other and are respectively defined as being the same 
as X 1 and X 2 in the general formula (III-3) given above. 
55 [0182] Y 1 is defined as being the same as Y 1 in the general formula (1 1 1-3) given above. 

[0183] Specific examples of transition metal compounds represented by the general formula (IV) given above 
include the following; ethylene-bis(indenyl)dimethyl zirconium, ethy!ene-bis(indenyl)zirconium dichloride, ethylene- 
bis(indenyl)zirconlumbis(trifluoromethanesulfonate), ethylene-bis(indenyl)zirconium bis(methanesulfonate), ethylene- 
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bis(indenyl)zirconium bis(p-toluenesulfonate), ethylene-bis(indenyl)zirconiumbis(p-chlorobenzenesulfonate), ethylene- 
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, isopropyfidene-bis(cyclopentadienyl) (fluorenyl) zirconium dichlo- 
ride, dimethylsilylene-bis(indenyl)zirconium dichloride, dlmethylsilylene-bis(indenyl)zirconium bis(trifluoromethanesul- 
fonate), dimethylsilyiene^isJA.S^y-tetrarydroindenylJzirconium dichloride, dimethylsitylene-bis (cyclopentadienyl) 
(fluorenyl) zirconium, dichloride, diphenylsilylene-bis(indenyl)zirconium dichloride, methylphenyisilylene-bis (indenyl) 
zirconium dichloride, isopropylidene-(cyclopentadienyl) (fluorenyl) zirconium dichloride, dirnethylsilylene-(3-tert-butyl- 
cyclopentadienyl) (indenyl) zirconium dichloride, isopropylidene-(4-methylcyclopentadienyl)(3-methynndenyl)zirconium 
dichloride, isopropylidene-(4-tert-butylcyclopentadienyl)(3-methylindenyl)zirconium dichloride, isopropylidene-(4-tert- 
butyicyclopentadienyl) (3-tert-butylindenyl)zirconium dichloride, dimethylsilylene-(4-methylcyclopentadienyl)(3-methyl- 
indenyl)zirconium dichloride, dimethylsilylene-(4-tert-butylcyclopentadienyl)(3H7iethylindenyI)zirconium dichloride, 
dimethylsilyIene-(4-tert-butylcyclopentadienyl)(3-tert-butylindenyl)zirconium dichloride, dimethylsilyiene-(3-tert-butylcy- 
clopentadienyl)(fluorenyl)zirconium dichloride, and 
isopropylidene-(3-tert-t5utylcyclopentadienyl)(fluorenyl)zirconium dichloride. 

[0184] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0185] Further examples include the compounds given as examples of the transition metal compounds represented 
by the general formulae (III-4) and (III-5) given above. 

[0186] Transition metal compounds represented by the general formula (IV) given above include the compounds 
represented by the following general formulae (iii-1) and (iii-2). 

[0187] First, the compounds represented by general formula (iii-1 ) shall be described. 




* • • (iii-i) 



[0188] In the above formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, and is preferably zirconium. 

[0189] The R 51, s may be the same or may differ from each other, with at least one or more of them being an aryl 
group of 1 1 to 20 carbon atoms, an arylalkyl group of 12 to 40 carbon atoms, an arylalkenyl group of 13 to 40 carbon 
atoms, an alkylaryl group of 12 to 40 carbon atoms, a silicon-containing group, or at least two adjacent groups among 
the groups indicated by R 51 may form a single or a plurality of aromatic or aliphatic ring or rings together with the carbon 
atoms bonded to the respective groups. In this case, each ring formed by the R 51 's has 4 to 20 carbon atoms as a 
whole, including the carbon atoms bonded to the R 51, s. 

[0190] Examples of the single or plurality of aromatic or aliphatic ring or rings formed by at least two adjacent 
groups among groups indicated by R 51 together with the carbon atoms bonded to the respective groups include fused 
phenyl groups, fused cyclohexyl groups, fused cyclopentadienyl groups, fused dihydrocyclopentadienyl groups, fused 
indenyl groups, fused tetrahydroindenyl, fused fluorenyl groups, fused tetrahydrofluorenyl groups, fused octahydroflu- 
orenyl groups, etc. 

[0191] More specific examples of the case where at least two adjacent groups among groups indicated by R 51 and 
the carbon atoms bonded to the respective groups form a single or plurality of aromatic or aliphatic ring or rings are 
compounds in which the R 51, s at positions 4 and 5 of the indenyl group are bonded together to form a bivalent hydro- 
carbon group of 4 to 20 carbon atoms. 

[0192] Such compound is represented by the following general formula (iii-1 '). 
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X* / X 1 R 52 



R 52 



5 



R 52 



R 51 



R 52 



70 



R 52 



R 52 



75 



(iii-l'> 



20 [0193] An example of R 60 in the above general formula *) is the following structure in which an aromatic ring is 
formed along with the carbons at positions 4 and 5 of the indenyl group. 



[0194] (In the above formula, R 62 ^ may be the same or may differ from each other, with each indicating a hydrogen 
atom or an alkyl group of 1 to 3 carbon atoms.) 
35 [0195] TTie single or plurality of aromatic or aliphatic ring or rings formed by at least two adjacent groups among 
groups indicated by R 51 and the carbon atoms bonded to the respective groups may be substituted with a chain alkyl 
group, cyclic alkyl group, halogen atom, halogen-substituted alkyl group, aryl group, silicon-containing group, oxygen- 
containing group, nitrogen-containing group, or phosphorus-containing group. 

[0196] Each of the R 51 s other than the aryl groups, arylalkyl groups, arylalkenyl groups, alkylaryl groups, and the 
40 R 51, s that form an aromatic or aliphatic ring, is a hydrogen atom, halogen atom, alkyl group of 1 to 10 carbon atoms or 
silicon-containing group. 

[0197] Examples of aryl groups of 1 1 to 20 carbon atoms include the biphenylyl, anthryl and phenanthryl, 

examples of arylalkyl groups of 12 to 40 carbon atoms include the phenanthrylmethyl, phenanthrylethyl and phen- 
45 anthrylpropyl, 

examples of arylalkenyl groups of 13 to 40 carbon atoms include the vinylphenanthryl, 

examples of alkylaryl groups of 12 to 40 carbon atoms include the methylphenanthryl, ethylphenanthryl and propyl- 
phenanthryl, 

examples of halogen atoms Include fluorine, chlorine, bromine and iodine, and 
50 examples of alkyl groups of 1 to 10 carbon atoms include the methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl 



[0198] Examples of silicon-containing groups include the methylsilyl, phenylsilyl, dimethylsilyl, diethylsilyl, diphe- 
nylsilyl, trimethylsllyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
55 tritolylsilyl and trinaphthylsilyl. 

[0199] The abovementioned alkyl groups, aryl groups, arylalkyl groups, arylalkenyl groups and alkylaryl groups 
may be substituted with halogen. 

[0200] The R 52 ^ may be the same or may differ from each other, with each indicating a hydrogen atom, halogen 



25 




30 



and nonyl. 
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atom, aikyl group of 1 to 1 0 carbon atoms, aryl group of 6 to 20 carbon atoms, alkenyl group of 2 to 10 carbon atoms, 
arylalkyl group of 7 to 40 carbon atoms, arylaikenyl group of 8 to 40 carbon atoms, alkylaryl group of 7 to 40 carbon 
atoms, silicon-containing group, oxygen-containing group, sulfur-containing group, nitrogen-containing group or phos- 
phorus-containing group. 

5 [0201 ] At least two adjacent groups among the groups indicated by R 52 may form a single or a plurality of aromatic 
or aliphatic ring or rings together with the carbon atoms bonded to the respective groups. In this case, each ring formed 
by the R 52, s has 4 to 20 carbon atoms as a whole, including the carbon atoms bonded to the R 52, s, and the R 52 ^ other 
than the R 52 ^ that form an aromatic or aliphatic ring is a hydrogen atom, halogen atom, aJkyl group of 1 to 10 carbon 
atoms or silicon-containing group. 

w [0202] Examples of the groups made up by the forming of a single or plurality of aromatic or aliphatic ring or rings 
by two groups indicated by R 52 include the form in which the fluorenyl group takes on the following structure. 




25 [0203] Examples of alkyl groups of 1 to 1 0 carbon atoms and examples of halogen atoms include the same groups 
and atoms given above. 

[0204] Examples of aryl groups of 6 to 20 carbon atoms include the phenyl, biphenyl, a- and p-naphthyl, anthryl and 
phenanthryl, 

30 examples of arylalkyl groups of 7 to 40 carbon atoms include the benzyl, phenylethyl, pheny (propyl, phenanthryl- 
methyl, phenanthrylethyl and phenanthrylpropyl, 

examples of arylaikenyl groups of 8 to 40 carbon atoms include the styryl and vinylphenanthryl, 
examples of alkylaryl groups of 7 to 40 carbon atoms include the tolyl, dimethylphenyi, trimethylphenyi, ethylphenyl, 
propylphenyl, methylnaphthyl, methylphenanthryl, ethylphenanthryl and propylphenanthryl, 
35 examples of alkenyl groups of 2 to 10 carbon atoms include the vinyl, propyl and cyclohexenyl, 
examples of silicon-containing groups include the same groups as mentioned above, 

examples of oxygen -containing groups and sulfur-containing groups include the same groups as that given for L in 
the above-described general formula (111-1), and 

examples of nitrogen-containing groups and phosphorus containing groups include the same groups as that given 
40 for R 25 to R 28 in the above-described general formula (IU-3). 

[0205] Of the above, R 52 is preferably a hydrogen atom or alkyl group and especially preferably a hydrogen atom 
or hydrocarbon group of 1 to 3 carbon atoms, namely the methyl, ethyl or propyl. 

[0206] 2,7-dialkyl-fiuorenyl groups may given as favorable examples of a fluorenyl group having a substituent group 
45 such as R 52 , and examples of the alkyl group of the 2,7-dialkyl in this case include alkyl groups of 1 to 5 carbon atoms. 
[0207] The R 51, s and R 52, s described above may be the same or may differ from each other. 
[0208] R 53 and R 53 may be the same or may differ from each other, with each indicating the same hydrogen atom, 
halogen atom, alkyl group of 1 to 10 carbon atoms, aryl group of 6 to 20 carbon atoms, alkenyl group of 2 to 10 carbon 
atoms, arylalkyl group of 7 to 40 carbon atoms, arylaikenyl group of 8 to 40 carbon atoms, alkylaryl group of 7 to 40 
so carbon atoms, silicon-containing group, oxygen-containing group, sulfur-containing group, nitrogen-containing group, or 
phosphorus-containing group as mentioned above. 

[0209] Of the above, at least one of either R 53 or R 54 is preferably an alkyl group of 1 to 3 carbon atoms. 
[0210] X 4 and X 5 may be the same or may differ from each other, with each indicating the same hydrogen atom, 
halogen atom, hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, 
55 oxygen-containing group, sulfur-containing group or nitrogen-containing group as those given above for X 1 and X 2 in 
the above-described general formula (III-3) or X 4 and X 5 may form a conjugated diene residual. 
[0211] Specific examples of the conjugated diene residual formed by X 4 and X 5 Include Tj 4 -1,4-diphenyM ,3-buta- 
diene, t| 4 -1 ,3-butadiene, i] 4 -1 ,4-dibenyzl-1 ,3-butadiene, ti 4 -1 -phenyl-1 ,3-pentadiene, T] 4 -3-methyM ,3-pentadiene, r| 4 - 
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1 .4- bis(trimethylsilyl)-1 ,3-butadiene, 2,3-dimethylbutadiene, t} 4 -2,4-hexadiene and isoprene. Of these, the 1,3-butadi- 
ene, 2,4-hexadiene, 1 -phenyl- 1 ,3-pentadiene and 1 ,4-diphenylbutadiene residues are preferable, and these residual 
groups may be substituted with a hydrocarbon group with 1 to 10 carbon atoms. 

[0212] Of the above, X 4 or X 5 is preferably a halogen atom, hydrocarbon group of 1 to 20 carbon atoms or sulfur- 
containing group. 

[0213] Y 1 is defined as being the same as Y 1 in the above-described general formula (III-3). Among the examples 
given, Y 1 is preferably a bivalent hydrocarbon group of 1 to 5 carbon atoms, bivalent silicon-containing group or bivalent 
germanium-containing group, more preferably a bivalent silicon-containing group, and especially preferably an alkylsi- 
lylene, alkylarylsilylene or arylsilylene group. Also among such bivalent groups, groups with which the shortest linking 
part of -Y 1 - is formed from one or two atoms are preferable. 

[0214] Specific examples of transition metal compounds represented by the above-described general formula (iii- 
1) include the following; emylene(2-methyM(9-phenanthryl)«1 -indenyl) (9-fluorenyl) zirconium dichloride, ethylene (2- 
methyl-4 (9-phenanthryl)-1-indenyl) (2,7-dimethyl-9-fluorenyl)zirconium dichloride, ethylene(2-methyl-4(9-phenan- 
thryl)-1-indenyl) (2,7-di-t-butyl-9-fluorenyl) zirconium dichloride, ethylene (2-methyl-4,5-benzo-1-indenyl)(9-fluore- 
nyl)zirconium dichloride, ethylene(2-methyl-4,5-benzo-1 -indenyl)(2, 7-dimethyl-9-fluorenyl)zirconium dichloride, 
ethylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-di-t-buty1-9-fIuorenyl)zirconium dichloride, ethylene(2-methyl-4,5-benzo-1 - 
indenyl)(2,7-dibromo-9-fluorenyI)zirconium dichloride, ethylene (2,6-dimethyl-4,5-benzo-1 -indenyl) (2,7-di-t-butyl-9-flu- 
oreny!)zirconium dichloride, ethylene (2,6-dimethyl-4,5-benzo-1 -indenyl) (2,7-dibromo-9-fluorenyl)zirconium dichloride, 
ethylene(2-methyl-ot-acenaphtho-1 -indenyl)(9-fluorenyl)zirconium dichloride, ethylene (2-methyl-a-acenaphtho-1 -inde- 
nyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, ethylene (2-methyl-cc-acenaphtho-1 -indenyl) (2,7-di-t-butyl-9-fluore- 
nyl)zirconium dichloride, dimethylsilylene (2-methyl-4(9-phenanthryl)-1 -indenyl) (9-fluorenyl)zirconium dichloride, 
dimethylsilylene(2-n-propyl-4 (9-phenanthryl)-1-indenyf) (9-fluorenyl) zirconium dichloride, dimethylsilylene (2-methyt-4 
(9-phenanthryl)-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene (2-methyl-4(9-phenanthryl)- 
1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene (2-methyl-4,5-benzo-1 -indenyl)(9-fluore- 
nyljzirconium dichloride, dimethylsilylene (2-methyl-4,5-benzo-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyI)zirconium dichloride, dimethylsilylene (2- 
methyl-a-acenaphtho-1 -indenyl) (9-fluorenyl)zirconium dichloride, dimethylsilylene (2-methyl-a-acenaphtho-1 -inde- 
nyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene (2-methyl-a-acenaphtho-1 -indeny1)(2,7-di-t-butyl-9- 
fluorenyl)zirconium dichloride, diphenylsilylene(2-methyI-4(9-phenanthryl)-1 -indenyl)(9-fluorenyl)zirconium dichloride, 
diphenylsilylene(2-methyl-4(9-phenanthryl)-1 -indenyl) (2,7-dimethyl-9-fluorenyl)zirconium dichloride, diphenylsi- 
lylene(2-methyl-4(9-phenanthryl)-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene(2-methyl- 

4.5- benzo-1 -indenyl) (9-fIuorenyl)zirconium dichloride, diphenylsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-dimethyl-9- 
fluorenyl)zirconium dichloride, diphenylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluoreny0zirconium 
dichloride, diphenylsilylene(2-methyl-a-acenaphtho-1 -indenyl) (9-fluorenyl)zirconium dichloride, diphenylsilylene(2- 
methyl-a-ac^naphtho-1-indenyl)(2,7-dimethyl-9-fluorery0zirconium dichloride, diphenylsilylene(2-methyl-ct-acenaph- 
tho-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-4(9-phenanthryl)-1 -inde- 
nyl)(9-fluorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-4(9-phenanthryl)-1 -indenyl) (2,7-dimethyl-9- 
fluorenyljzirconium dichloride, methylphenylsilylene(2-methyl-4(9-phenanthryl)-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zir- 
conium dichloride, methylphenylsirylene(2-methyl-4,5-benzo-1-indenyl)(9-fluorenyl)zirconium dichloride, methylphe> 
nylsitylene(2-methyl-4,5-benzo-1-indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(2- 
metriyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-a-acenaph- 
tho-1 -?ndenyl)(9-fluorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-a-acenaphtho-1 -indenyl) (2,7-dimethyl- 
9-fluorenyl)zirconium dichloride, methy!phenylsilylehe(2^etlTyl-a-a^ 

conium dichloride, ethylene (3-methyl-4(9-phenanthryl)-1-indenyl)(9-fluorenyl)zirconium dichloride, ethylene(3-methyl- 
4(9-phenanthryl)-1 -indenyl) (2, 7-dimethyl-9-fluorenyl)zirconium dichloride, ethylene(3-methyl-4<9-phenanthryl)-1 -tnde- 
nyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, ethylene(3-methyl-4,5-benzo-1-indenyl)(9-fIuorenyl)zirconium 
dichloride, ethylene (3-methyl-4 l 5-benzo-1-indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, ethylene (3-methyl- 
4,5-benzo-1 -indenyl) (2,7-di-t-buty l-9-f I uorenyOzirconium dichloride, ethylene (3-methyl-ct-acenaphtho-1 -indenyl)(9-flu- 
orenyl)zirconium dichloride, ethylene(3-methyl-a-acenaphtho-1 -indeny1)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
ethylene(3-methyl-a-acenaphtho-1-»ndenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(3-methyl- 
4(9-phenanthryl)-1 -indenyl) (9-fluorenyl)zirconium dichloride, dimethylsilylene(3-methyl-4(9-phenanthryl)-1 -indenyl) 
(2,7-dimethy!-9-fluorenyl)zirconium dichloride, dimethylsilylene (3nnriethyl-4(9-phenanthryl)-1 -indenyl) (2,7-di-t-butyl-9- 
f I uorenyl)zirconium dichloride, dimethy!silylene(3-methyl-4,5-benzo-1-indenyl)(9-fluorenyl)zirconium dichloride, dimeth- 
ylsilylene(3-methyl-4,5-benzo-1 -indenyl) (2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(3-methy 1-4,5- 
benzo-1 -indenyO(2,7-di-t-butyl-9-fIuorenyl)zirconium dichloride, dimethylstlylene(3-methyl-a-acenaphtho-1 -indenyl)(9- 
fluorenyl)zirconium dichloride, dimetltylsilylene(3-methyl-a-acenaphmo-1-inde 

dichloride, dimethylsilylene(3-methyl-a-acenaphtho-1 -indenyl)(2,7-di-t-buty1-9-fluorenyl)zirconium dichloride, diphe- 
nylsilylene(3-methyt-4(9-phenanthryl)-1 -indenyl) (9-fluorenyl)zirconium dichloride, diphenylsilylene(3-methyl-4(9-phen- 
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anthryO-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, diphenylsilylene(3-methyl-4(9-phenanthryl)-1 - 
indenyl) (2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene (3-methyl-4,5-benzo-1 -indenyl) (9-fluoreny!)zir- 
conium dichloride, diphenylsilylene(3-methyl-4,5-benzo-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
diphenylsilylene(3HTiethyW,5-benzo-1-indenyl)(2J-di4-butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene{3- 
methyl-cc-acenaphtho-1 -indenyl)(9-fluorenyl)zirconium dichloride, diphenylsilylene(3-methyl-a-acenaphtho-1 -inde- 
nyl)(2,7*dimethyl-9-fluorenyl)zirconium dichloride, diphenylsilylene (3-methyl-a-acenaphtho-1-indenyl)(2,7-di-t-butyl-9- 
fluorenyl)zirconium dichloride, methyiphenylsilylene(3-methyl-4(9-phenanthryl)-1 -indenyl)(9-fluorenyl)zirconium dichlo- 
ride, methylphenylsilylene(3-me%l-4(9-phenanthryl)-1 -indenyl)(2,7-dime%l-9-fluorenyI)zirconium dichloride, methyl- 
phenylsiiylene(3-methyl-4(9-phenanthry!)-1nnde dichloride, methylphenyl- 

silylene(3-methy 1-4,5-benzo- 1 -indeny0(9-fluorenyl)zirconium dichloride, methylpheny lsilylene(3-methyl-4,5-benzo-1 - 
indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(3-methyl-4,5-benzo-1-indenyl)(2,7-di-t- 
butyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(3-methyl-a-acenaphtho-1-indenyl)(9-fluorenyl)zirconiurn 
dichloride, me%lphenylsitylene(3-me%l-a-acenaphtho-1 -indenyl dichloride, 
methylphenylsilylene(3-methyl-a-arenaphtho-1-inde^^ dichloride, ethyiene(2- 

methyl-4,5-benzo-1 -indenyl) (2 l 7-ditrimethylsilyl-9-fluorenyl)zirconium dichloride, ethylene(2,6-dimethy!-4 f 5-benzo-1 - 
indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, ethylene(2,7-cnmethyl-4,6-benzo-1-indenyl)(2 t 7-di-t-butyl-9-flu- 
orenyl)zirconium dichloride, ethylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t-butyl-9-fluoreny 
dichloride, dimethylsilylene(2-methy1-4,5-benzo-1 -indenyl)(2,7-ditrimethylsilyi-9-fluorenyl)zirconium dichloride, dimeth- 
ytsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsi- 
lylene(2-methyl-4,5-benzo-1 -indenyl) (2, 7-di-t-butyl-9-fluorenyl)zirconium bis (trifluoromethanesulfonate), 
dimethylsilylene(2,6-dimethyl-4,5-benzo-1-indeny0fc dichloride, dimethylsi- 

ly!ene(2,6-dimethyl-4,5-berizo-1-indenyl)(2,7-cfi(^ bis(methanesulfonate), dimethylsi- 

lylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-di(tri^ 

bis(trifluoromethanemethanesulfonate), dme%lsilylene(2,6^imethyi-4 I 5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluore- 
nyl)zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichlo- 
ride, dimethylsilylene(2,7-dimethy!-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t-b^ dichloride, 
dimethylsiIylene(2-methyl-4,5-benzo-1-indenyl)(2,7-dibromo-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,6- 
dimethyl-4,5-benzo-1 -indenyl) (2,7-dibromo-9-fluorenyi)zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1 - 
indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-di-t- 
butoxy-9-fluorenyOzirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl) (2, 7-diphenyl-9-fluorenyl)zirco- 
nium dichloride, dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl) (2,7-diphenyl-9-fluorenyl)zirconium dichloride, 
dimethylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-di-i-propyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,6- 
dimethy1-4,Sbenzo-1-indenyl)(2,7-di-i-propyl-9-fluorenyl)zirconiurn dichloride, dimethylsilylene(2,6<fimethyl-4,5- 
benzo-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,6-dimethyl-4,5-(1 -methyf-benzo)-1 - 
indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene (2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl) 
(2,7-di(trimethylsilyl)-9-fluorenyl)zirconium dichloride, dimethylsilytene(2,7-dimethyl-4,5-(2-methyi-benzo)-1 -indenyl) 
(2,7-dibromo-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t- 
butoxy-9-fluorenyl)zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl) (2,7-diphenyl-9- 
fluorenyl)zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl) (2,7-di-S-propyl-9-fluore- 
nyl)zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl) (2,7-dimethyl-9-fluorenyl)zirco- 
nium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl) (2,7-di-t-butyl-9-fluorenyl)zirconium 
dichloride, dimethylsilylene (2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl) (2,7-di(trimethylsilyl)-9-fluorenyl)zirconium 
dichloride, dimethylsilylene(2,7-dimethyl-4,5-(1 -methyl4Denzo)-1 -indenyl)(2,7-dibromo-9-fIuorenyl)zirconium dichloride, 
dimethylsilylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl) (2, 7-di-t-butoxy-9-fluorenyI)zirconium dichloride, dimeth- 
ylsilylene(2,7-dimethyl-4 t 5-(1 -methyl-benzo)-1 -indenyl)(2,7-diphenyl-9-fluorenyl)zirconium dichloride, dimethylsi- 
lylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-i-propyl-9-fluorenyl)zirconium dichloride, dimethyl- 
sily!ene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2- 
methyl-4,5-benzo-1 -indenyl) (2, 7-dibromo-9-fIuorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2,6-dimethyl- 
4,5-benzo-1 -indenyI)(2,7-dibromo-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2-methyl-4,5-benzo- 
1 -indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2,6-dimethyl-4,5-benzo-1 - 
indenyl) (2,7-di-t-butoxy-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2-methyl-4,5-benzo-1 -inde- 
nyl)(2,7-diphenyl-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -inde- 
nyl)(2,7-diphenyl-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2-methyl-4 p 5-benzo-1 -indenyl)(2,7-di- 
i-propyl-9-fluorenyl)zirconium bis (methanesulfonate), dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(2,7-di-i-pro- 
pyl-9-fluorenyI)zirconium bis (methanesulfonate), dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyI)(2,7-dimethyl-9- 
fluorenyQzinconium bis (methanesulfonate), dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indeny!)(2, 7-di(tri- 
methylsilyl)-9-fluorenyl)zirconium bis(methanesulfonate), dimethylsilylene (2,7-dimethyl-4,5-(2-methyl-benzo)-1 -inde- 
nyl) (2,7-dibromo-9-fluorenyl)zirconium bis(methanesulfonate), dimethylsily!ene(2 l 7-dimethyl-4,5-(2-methyl-benzo)-1 - 
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indenyl){2,7-dl-t-butoxy-9-fluorenyl)2irconium bis(methanesulfonate), dimethylsilylene(2 l 7-cRrnethyl-4 p 5-{2-fnethy!- 
benzo)-1-indenyl)(2,7-diphenyl-9-fluorenyl)zirconlum bis(methanesulfonate), dimethylsifylene(2,7-dimethyl-4,5-(2- 
methyl-benzo)-1 -indertyl) (2,7-di-i-propyl-9-fluorenyl)ztrconium bis(methanesulfonate), dimethylsilylene(2 t 7-cfimethyl- 
4 i 5-(2-memyl-benzo)-1-indenyl)(2 l 7<fimethyl-9-fluorenyI)zirconium bis(methanesulfonate), dimethylsilylene(2,7-dime- 
thyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butyl-9-fluorenyOzirconium bis(methanesulfonate), dimethylsilylerie(2,7- 
dimetriyH5-(1-methyl-benzo)-1-inde^ bis (methanesulfonate), dimethyls- 

ilylene^J-dimethyl-^S-OHTiethyl-bera^ bis(methanesulfonate), 
dimethylsilytene(2,7-dimetriyi-4 f 5-(lH^^ bis(methanesul- 
fonate), cHmethyisitylene(2,7-dimethyl-4,5-(1-me^ bis(meth- 
anesulfonate), cHmethylsilylene(27-dimethyW f 5^ 
bis(methanesulfonate), cfimethylsilylene(2,7-dimethy1-4,5-(1^ 
nium bis(methanesuffonate), dimethylsilylene(2-me%K5-benzo^^ 
thryl))zirconium dichloride, dimethylsilytene(2,6-dime%W,5-benzo-1-i^ 
thryl))zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1-m^ 
thryO)zirconium dichloride, dimethylsilytene(2,6<fime%K5-benzo-^ 

anthryl))zirconium dichloride, Dnmethylsilylene(2-methyl-4.5-benzo-1-indenyl)(2 f 7-diphenyl-9-(4,5-methylenephenan- 

thryl))zirconium dichloride, dimethy!silylene(2,6-dimethyl-4,5-be^^ 

thryl))zirconium dichloride, dimethylsilylene(2-me%IA5-benzo-1-indenylH^^ 

thryl))zirconium dichloride, dimethyfeilylene^.e-cfimethyKS-b^ 

anthryO)zirconium dichloride, dimethylsilylene(2,6-dimethyl-4,5-benzo^^ 

anthryl))zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-mem^^ 

(4,5-methylenephenanthryl))zirconium dichloride, dimethylsilylene(2,7-dimethyM,5-(2-methyl-benzo)-1-indenyl)(2 l 7- 
dtbromo-9-(4,5-methylenephenanthryl))zirconiurn dichloride, dimethylsilylene(2,7-dimethyl-4 ( 5-(2-rriethyl-benzo)-1- 
indenyl)(2,7-di4-butoxy-9^4,5-methyIenephenanthryl))zirconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2- 
methyl-benzo)-1-indenyl)(2,7-diphenyl-9^ dichloride, dimethylsilylene(2,7-dime- 

thyl-4,5-(2-methyl-benzo)-1-inden^^^ dichloride, dimethylsi- 

lylene(2,7<nmethy1-4,5-(2-methyl4)enzoH dichloride, 
dimethylsilylene(2,7-dimethyl-4,5^^^ 

dichloride, dimethylsilylene(2,7-dimethyl-4,5-(1-methyl-benzo)-1-indenyI)(2,7>di(trim 

anthryl))zircon1um dichloride, dimethylsilylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-dibromo-9-(4,5-meth- 
ylenephenanthryl))zirconium dichloride, dimethylsHylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyt)(2,7-di-t-butoxy- 
9-(4,5-methylenephenanthryl))zirconium dichloride, dimethyls]lylene(2 f 7Klimethyl,-4 ( 5-(1-methyl-benzo)-1-inde- 
nyl)(2,7^iphenyl-9-(4,5-methylenephenanthryl))zirconiurn dichloride, dimethylsilylene(2,7-dimethyI-4,5-(1 -methyl- 
benzo)-1-indeny0(2,7-di-i-propyl-9-(4,5-meth^enephenanthry0)zirconium dichloride, dimethylsilytene(2,7-dimethyl- 
4,5-(1 -methyl-benzo)-1 -indenyl)(2,7^imethyl-9-(4,5-me%lenephenanthryl))zirconium dichloride, dimethylsilylene(2- 
metryl-4,5-benzo-1-indeny0(2,7-di-t-bu^ dichloride, dimethylsilylene(2- 

methyM,5-benzo-1-indenyO(2,7-di(trto dichloride, dimethylsi- 

lylene(2,6-dimethy1-4,5-benzo-1-indenyW^^ dichloride, dimethylsi- 

lylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7<li(trimethylsily0-9-(4,5-^ dichloride, 

dimethylsi!ylene(2,7-dimethyl-4,5K2-metW 
dichloride, dimethylsilylene(2,7-dimethyl-4,5-(^ 

anthryl))^rconium dichloride, dimetrylmethylene(2^ethyl-4,5-benzo-1-indenyl)(2,7-dibromo-9-fIuorenyl)zirc 
dichloride,- - dimethylmethylene(2 t 6^anmethyl-4;5-benzo=lHndenyl) (2,7-dibromo-9-fluorenyl)zirconium dichloride, 
dirnethylrnethylene(2-rnethyl-4,5-benzo-1 -indenyl)(2,7-<Ji-t-butoxy-9-fluorenyl)zirconium . dichloride, dimethylmethyl- 
ene(2,6-dimethyl-4,543enzo-1-indeny0(2,7-di4-biitoxy-9-fluoreny0zirconium dichloride, dimethylmethylene(2-methyl- 
4,5-benzo-1 -indenyl)(2 1 7-diphenyl-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,6-dimethyl-4,5-benzo-1 -inde- 
nyl)(2,7-diphenyl-9-fluoreny0z'rconium dichloride, dimethylmethylene(2-metryl-4,5-benzo-1-indenyl)(2,7-diH-propyl-9- 
fluorenyljzirconium dichloride, dimethy!methylene(2,6-cfimethy 1-4,54^ 

nium dichloride, dimethylmethylene(2,6-dimethyi-4,5-benzo-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
dimethylmethylene(2,7-dimethyl-4,5-(2-m^ dichloride, 
dimethylr?rethylelie(2;7-onme 

ylmethylene(2,7^im^^ dichloride, ' dimetriyl- 

methylene(2,7-dimethyl-4,5-(2-methyl4>en^^ dichloride, dimethyl- 

metrylene(2,7^imethyl-4,5-(2-methyl^e^ dichloride, dimethylmeth- 

ylene(2,7-dimethyl-4,5-(2-methyl-benzo)^ dichloride, dimethylmethyl- 

ene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indeny0(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylmethy- 
lene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -jndenyl)(2,7-di(trimethylsilyl)-9-fluorenyl)zirconium dichloride, dimethylmeth- 
ylene(2 > 7-dimethyl-4,5-(1-methyl-benzo)-1-indeny0(2,7>dibromo-9-fluorenyl)zirconium dichloride, dimethylmethyl- 
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ene(27-dimethyl-4,5-(1-methyl^e^ dichloride, cfimethylmethyl- 

ene(27-dimethyl-4,5-(1-methyI-benzo)-1-indenyO(27-diphenyl-9-fluorenyl)zirconium dichloride, dimethylmethyl- 
ene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-i-propyi-9-fluorenyl)zirconium dichloride, dimethylmethyl- 
ene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, d1methylmethylene(2- 
methyl-4,5-benzo-1 -indenyl)(2 t 7-cfi-t-butyl-9-fluorenyl)zirconium dichloride, dimethylmethylene(2-methyl-4,5-benzo-1 - 
indenyl)(2,7<Ii(trimethyIsilyl)-9-fluorenyl)zirconiurn dichloride, dimethylmethylene(2 f 6-dimethyl-4,5-benzo-1-inde- 
nyl)(2,7-di-t-butyl-9-fluorenyI)zirconium dichloride, dimethylmethyIene(2,6-dimethyl-4 J 5-benzo-1-indenyl)(2,7-di(tri- 
methylsiiyl)-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,7-dmethyl-4,5-(2^ethyl-benzo)-1-indenyl)(2,7-di-t- 
butyl-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(2-methyl^enzo)-1-indenyl)(2,7-di(trimeth- 
yIsilyl)-9-fluorenyI)zirconium dichloride, dimethyIsilylene(2-methyl-4,5-benzo-1-indenyl)(2 p 7-di-t-butyl-9-fluorenyl)zirco- 
nium i) 4 -1 -phenyl- 1 ,3-pentadiene, dimethyIsilylene(2-methyl-4,5-benzo-lHndenyO(2,7-di(trirnethylsilyO-9-fluorenyl)zir- 
conium T| 4 -1 ,4-diphenylbutadiene, dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-dibromo-9-fluorenyl)zirconium 
r| 4 -2,4-hexadiene, dimethylsily!ene(2 t 6-dimethyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium ti 4 -1 ,4- 
diphenyl-1 ,3-butadiene, dimethylsirylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-d^^^ 

rj 4 -3-methyl-1 ,3-pentadiene, dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(2,7-dibromo-9-fluorenyl)zirconium rj 4 - 
2,4-hexadiene, diphenylsilylene(2-methyl-4,5-benzo-1-indenyQ(2,7-^ dichloride, 
diphenylsilylene(2,6-a1methyl^5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene(2,7- 
cfimethyl-4,5-berizO'1-indenyl)(2 J 7-di4-butyl-9-fluoreny0zirconium dichloride, diphenylsitylene(2,7-dimethy!-4,5-(2- 
methyl-benzo)-1 -indenyl)(2,7-di-t-butyl-9-f(uorenyl)zirconium dichloride, methylphenylsilylene(2-methyl-4,5-benzo-1 - 
indenyl)(2,7-dl(trimethyl)silyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(2,6-cfimethyl-4,5-benzo-1-inde- 
nyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, methy1phenylsilylene(2,7-dimethyl-4,5-benzo-1-indenyl)(2,7-di-t- 
butyl-9-fluorenyI)zirconium dichloride, metrtylphenylsiVlene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t- 
butyl-9-fluorenyl)ztrconium dichloride, etrylene(2-methyl-74rirnethylsilyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluore- 
nyl)zirconium dichloride, and dimethylsilylene(2-methyl-7-trimethylsilyl-4,5-(1 -methyl-benzo)-1-indenyl)(2,7-di-t-butyl-9- 
fluorenyl)zirconium dichloride. 

[0215] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0216] Next, the compound represented by general formula (iii-2) shall be described. 




• • • (iii-2) 



[0217] In the above formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, and is preferably zirconium. 

[021 8] The R 56 ^ may be the same or may differ from each other, with each being a hydrogen atom, halogen atom, 
alkyl group of 1 to 1 0 carbon atoms, aryl group of G to 1 0 carbon atoms, alkenyl group of 2 to 1 0 carbon atoms, silicon- 
containing group, oxygen-containing group, sulfur-containing group, nitrogen-containing group or phosphorus-contain- 
ing group. 

[0219] Specific examples of halogens and alkyl groups of 1 to 1 0 carbon atoms include the same atoms and groups 
as those given for R 51 in the above-described general formula (tii-1), and specific examples of silicon-containing groups, 
oxygen-containing groups, sulfur-containing groups, nitrogen-containing groups and phosphorus-containing group 
include the same groups as those given for R 52 in the above-described formula (iii-1 ). 
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[0220] Examples of aryl group of 6 to 10 carbon atoms include the phenyl and a- and p- naphthyl groups, and 
examples of alkenyl groups of 2 to 10 carbon atoms include the vinyl, propenyl and cyclohexerryl groups. 

[0221 ] The abovementioned alkyl groups and alkenyl groups may be substituted with halogen. 
[0222] Of the above, R 56 is preferably an alkyl group, aryl group or hydrogen atom and especially preferably a 
hydrocarbon group of 1 to 3 carbon atoms, namely the methyl, ethyl, n-propyl or i-propyl, an aryl group, such as the phe- 
nyl, a-naphthyl or p-naphthyl, or a hydrogen atom. 

[0223] The R 57 ^ may be the same or may differ from each other, with each being a hydrogen atom, halogen atom, 
alkyl group of 1 to 1 0 carbon atoms, aryl group of 6 to 20 carbon atoms, alkenyl group of 2 to 10 carbon atoms, arylalkyl 
group of 7 to 40 carbon atoms, arylalkenyl group of 8 to 40 carbon atoms, alkylaryl group of 7 to 40 carbon atoms, sili- 
con-containing group, oxygen-containing group, sulfur-containing group, nitrogen-containing group or phosphorus-con- 
taining group, and specific examples thereof include the same atoms and groups given for R 52 in the above-described 
general formula (iii-1). 

[0224] The abovementioned alkyl groups, aryl groups, alkenyl groups, arylalkyl groups, arylalkenyl groups and 
alkylaryl groups may be substituted with halogen. 

[0225] Of the above, R 57 is preferably a hydrogen atom or alkyl group and especially preferably a hydrogen atom 
or hydrocarbon group of 1 to 4 carbon atoms, namely the methyl, ethyl, n-propyl, i-propyl, n-butyl or tert-butyl. 
[0226] The above-described R 56 and R 57 may be the same or may differ from each other. 

[0227] One of either R 58 or R 59 is alkyl group of 1 to 5 carbon atoms, and the other one is the same hydrogen atom, 
halogen atom, alkyl group of 1 to 10 carbon atoms, alkenyl group of 2 to 1 0 carbon atoms, silicon-containing group, oxy- 
gen-containing group, sulfur-containing group, nitrogen-containing group or phosphorus-containing group as R 52 in the 
above-described general formula (iit-1). 

[0228] Examples of alkyl groups of 1 to 5 carbon atoms include the methyl, ethyl propyl, butyl and pentyl. Of these, 
one of either R 58 or R 59 is preferably an alkyl group of 1 to 3 carbons, such as the methyl, ethyl or propyl group, etc., 
with the other being a hydrogen atom. 

[0229] X 4 and X 5 may be the same or may differ from each other and are the same as X 4 and X 5 in the above- 
described general formula (iii-1 ). Of the examples given, each of X 4 and X s is preferably a halogen atom or a hydrocar- 
bon group of 1 to 20 carbon atoms. 

[0230] Y 1 is the same as the Y 1 in the above-described general-formula (ill-3). 

[0231] Of these, Y 1 is preferably a bivalent hydrocarbon group of 1 to 5 carbon atoms, a bivalent silicon-containing 
group or bivalent germanium-containing group, more preferably a bivalent silicon-containing group, and especially pref- 
erably an alkylsilylene, alkylarylsilylene or arylsilylene group. 

[0232] Specific examples of transition metal compounds represented by the above-described general formula (iii- 
2) include the following; ethylene (2-methyl-1-indenyl)(9-fluorenyl)zirconium dichloride, dimethylsilylene(2-methyl-1- 
indenyl)(9-fluorenyl)zirconium dichloride, diphenylsilylene(2-methyl-1-indenyl)(9-fluorenyl)zirconium dichloride, methyl- 
phenylsily1ene(2-methyl-1 -indenyl)(9-fluorenyi)zirconium dichloride, ethylene(3-methyl-1 -indenyl)(9-fluorenyl)zlrconium 
dichloride, cfimethylsilylene(3-methyl-1 -indenyl)(9-fluorenyl)zirconium dichloride, diphenylsilylene(3-methyl-1 -inde- 
nyl)(9-fluorenyl)zirconium dichloride, methylphenylsilylene(3-methyl-1-indenyl)(9-fluorenyl)zirconium dichloride, ethyl- 
ene(2-methyl-1 -indenyI)(2,7-di-tert-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2-methyl-1 -indenyl)(2,7-di- 
tert-butyl-9-fluorenyl)zirconium dichloride, diphenylsilylene(2-methyl-1-indenyl)(2,7-di-tert-butyl-9-fluorenyl)zirconium 
dichloride, methylphenylsilylene(2-methyl-1 -tndenyl)(2 p 7-di-tert-butyl-9-fiuoreny0zirconium dichloride, ethylene(2- 
methyl-4-phenyl-1 -indenyl)(9-fluorenyi)zirconium dichloride, dimethy!silylene(2-methyl-4-phenyl-1 -indenyl)(9-fluore- 
nyl)zirconium dichloride, diphenylsilylene(2-methyl-4-phenyi-1-indenyl)(9-fluorenyl)zirconium dichloride, methylphe- 
nylsilylene(2-methyl-4-phenyl-1 -indenyl)(9-fluorenyl)zirconium dichloride, ethylene(2-methyl-4-phenyl-1 -indenyl)(2,7- 
di-tert-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2-methyl-4-phenyl-1-indenyl)(2,7-di-tert-butyl-9-fluore- 
nyl)zirconium dichloride, diphenylsilylene(2-methyl-4-phenyl-1 -indenyl)(2,7-di-tert-butyl-9-fluorenyl)zirconium dichlo- 
ride, methyIphenylsilylene(2-methyl-4-phenyl-1-indenyl) (2,7-di-tert-butyl-9-fluorenyl)zirconium dichloride, ethylene(2- 
methyl-4-naphthyl-1 -indenyl)(9-fluorenyl)zirconium dichloride, dimethylsiIylene(2-methyl-4-naphthyl-1 -indenyl)(9-flu- 
orenyl)zirconium dichloride, diphenyIsilylene(2-methyl-4-naphthyl-1-indenyl)(9-fluorerryl)zirconium dichloride, methyl- 
phenylsilylene(2-methyi-4-naphthyl-1 -indenyl){9-fluorenyl)zirconium dichloride, ethylene(2-methyl-4-naphthyl-1 - 
indeny!)(2,7-<Ji-tert-butyl-9-fluoreny0zirconium dichloride, dimethylsilylene(2-methyl-4-naphthyl-1 -indenyl)(2 t 7^di-tert- 
butyi-9-fluorenyl)zirconium dichloride, cfiphenylsirylene(2-methyl-4-naphthyl-1-in^ 

conium dichloride, methylphenylsilylene(2-methy1-4-naphthyl-1 -indenyl)(2,7-di-tert-butyl-9-fluorenyI)zirconium dichlo- 
ride and the like. 

[0233] Compounds with which the zirconium in the abovementioned zirconium compounds has been replaced by 
titanium or hafnium may also be given as examples. 

[0234] Compound represented by the above-described general formula (IV) may be used alone or in combination 
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of two or more. 

[0235] Transition metal compounds represented by the general formula (fit-1) or (ifi-2) given above can be synthe- 
sized for example by the method described in Japanese Laid-open Patent Publication No. 235313/1997. 
[0236] Next, the transition metal compound represented by general formula (V) shall be described. 



z'- 



/ / 

Cp M 1 



V 



15 • • • (V) 



20 [0237] In the formula, M 1 indicates a transition metal atom of group 4 of the periodic table, specifically zirconium, 
titanium or hafnium, and is preferably zirconium. 

[0238] Cp indicates a cyclopentadienyl group or derivative thereof that is rc-bonded to M 1 . 

[0239] Z 1 indicates a ligand, which contains an oxygen atom, sulfur atom, boron atom, or an atom of group 14 of 
the periodic table, and is for example, -SitR 22 ;,)-, -CtR 2 ^) -Si (R 22 2 ) Si (R 22 2 ) -, -C (R 22 2 ) C (R 22 ^ -C (R 25 ^) C 
25 (R 22 2 ) C (R 22 ^ O (R 22 ) =C (R 22 ) -, -C (R 22 ;,) Si (R 22 2 ) -, -Ge (R 22 **)-, etc. 

[0240] Y 2 indicates a figand, which contains a nitrogen atom, phosphorus atom, oxygen atom or sulfur atom, and 
is for example -N(R 23 )-, -0-, -S-, -P(R 23 )-, etc. 
[0241] Z 1 and Y 2 may form a fused ring. 

[0242] The abovementioned R 22 is a group selected from among the hydrogen atom and alkyl, aryl, silyl, halogen- 
30 ated alkyl, and halogenated aryl groups having up to 20 non-hydrogen atoms and combinations of such groups. R 23 is 
an alkyl group of 1 to 10 carbon atoms, aryl group of 6 to 1 0 carbon atoms or aralkyl group of 7 to 1 0 carbon atoms, and 
may form a fused ring system with up to 30 non-hydrogen atoms with one or more R 22 ^. 

[0243] The X 3, s may be the same or may differ from each other, with each indicating a hydrogen atom, halogen 
atom, hydrocarbon group, which has 20 or less carbon atoms and may have one or two or more double bonds, silyl 

35 group containing 20 or less silicon atoms, or germyl group containing a germanium atom. 

[0244] Specific examples of transition metal compounds represented by the general formula (V) given above 
include the following; (tert-butylamide) (tetramethyl-ii 5-cyclopentadienyl)-1,2-ethanediylzirconium dichloride, (tert- 
butylamide)(tetramethyl-T| 5 -cyclopentadienyl)-1 ,2-ethaned'iyltitanium dichloride, (methylamide)(tetramethyl-Ti 5 - 
cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride, (methylamide)(tetramethyl-T| 5 -cyclopentadienyl)-1 ,2-ethanedi- 

40 yltitanium dichloride, (ethylamide)(tetramethyl-r| 5 -cyclopentadienyl)-methylenetitanium dichloride, (tert-butyla- 
mide)dimethyl(tetramethyl-Ti 5 -cyclopentadienyl)silanetitanium dichloride, (tert-butylamide)dimethyl(tetramethyl-ti 5 - 
cyclopentadienyl)silanezirconium dichloride, (benzylamide)dimethyl-(tetramethyl-n, 5 -cyclopentadienyI)silanetitanium 
dichloride, and (phenylphosphide)dimethyl-(tetramethyl-ri 5 -cyclopentadienyl)silanezirconium dibenzyl. 
[0245] The transition metal compound represented by the above-described general formula (V) may be used alone 

45 or in combination of two or more. 

(B-1) Organoaluminum oxycompound 

[0246] The organoaluminum oxycompound (B-1 ) used in the present invention may be a known aluminoxane (also 
so referred to as "alumoxane") or may also be a benzene-insoluble organoaluminum oxycompound exemplified in Japa- 
nese Laid-open Patent Publication No. 78687/1990. 

[0247] Conventionally known aluminoxanes may be produced for example by the methods described below and are 
normally obtained in the form of a hydrocarbon solution. 

55 (1) A method in which organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium 
suspension of a compound containing adsorbed water or a salt containing water of crystallization, such as hydrated 
magnesium chloride, hydrated copper sulfate, hydrated aluminum sulfate, hydrated nickel sulfate, hydrated cerous 
chloride, etc., to thereby reacts the adsorbed water or water of crystallization with the organoaluminum compound. 
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(2) A method in which water, ice or water vapor is directly reacted with organoaluminum compound such as trialky- 
laluminum in medium such as benzene, toluene, ethyl ether or tetrahydrof uran. 

(3) A method in which organotin oxide such as dimethyltin oxide, dibutyltin oxide is reacted with organoaluminum 
compound such as trialkylaluminum in medium such as decane, benzene or toluene. 

[0248] This aluminoxane may contain a small amount of organometallic components. Also, the solvent or unreacted 
organoaluminum compound may be distilled off and removed from the recovered aluminoxane solution mentioned 
above and the aluminoxane may thereafter be redissolved in the solvent 

[0249] Specific examples of organoaluminum compounds used in preparing aluminoxane include 

trialkylaluminums, such as trimethylaluminum, triethylatuminum, tripropylaluminum, triisopropylaluminum, tri-n- 
butylaluminum, triisobutyialuminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexylalumi- 
num, trioctylaluminum, tridecylaluminum, etc.; 

tricycloalkylaluminums, such as tricyclohexylaluminum, tricyclooctylaluminum, etc.; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethy laluminum chloride, diethylaluminum bromide, 
diisobutylaluminum chloride, etc.; 

dialkylaluminum hydrides, such as diethylaluminum hydride, diisobutylaluminum hydride, etc.; 
dialkylaluminum alkoxides, such as dimethylaluminum methoxide, diethylaluminum ethoxide, etc.; and 
dialkylaluminum aryloxides, such as diethylaluminum phenoxide, etc. 

[0250] Among the above, trialkylaluminums and tricycloalkylaluminums are especially preferable. 
[0251] Also, an isoprenylaluminum, represented by the formula (i-C^gJxA^CsH^Jz (wherein x, y and z are each 
a positive number, and z s 2x) may be used as the organoaluminum compound to be used in preparing the aluminox- 
ane. 

[0252] Two or more of the abovementioned organoaluminum compounds may be used in combination. 
[0253] Examples of solvents to be used in preparing aluminoxane include hydrocarbon solvents including aromatic 
hydrocarbons, such as benzene, toluene, xylene, cumene, cymene, etc.; aliphatic hydrocarbons, such as pentane, hex- 
ane, heptane, octane, decane, dodecane, hexadecane, octadecane, etc.; alicyclic hydrocarbons, such as cyclopen- 
tane, cyclohexane, cyclooctane, methylcyclopentane, etc.; petroleum distillates, such as gasoline, kerosene, gas oil, 
etc.; and halogenated products (chlorine compounds, bromine compounds, etc.) of the abovementioned aromatic 
hydrocarbons, aliphatic hydrocarbons, and alicyclic hydrocarbons. Ethers, such as ethyl ether, tetrahydrof uran, etc., 
may also be used. Of such solvents, aromatic hydrocarbons are especially preferable. 

( B-2) Compoun ds that react with the abovemention ed transition metal compound to form an ion pair 

[0254] Examples of the compounds (B-2) used in this invention that react with the abovementioned transition metal 
compound to form an ion pair (may be referred to hereinafter as "ionizing ionic compounds") include the Lewis acids, 
ionic compounds, borane compounds and carborane compounds described in Japanese Laid-Open Publication Nos. 
501956/1989, 502036/1989, 179005/1991, 179006/1991, 207703/1991 and 207704/1991 and USP No. 5321106, etc. 
[0255] Examples of the Lewis acids include magnesium-containing Lewis acids, aluminum-containing Lewis acids, 
boron-containing Lewis acids, and among these, boron-containing Lewis acids are preferable. 

[0256] Specific examples of Lewis acids containing a boron atom include compounds represented by the following 
formula (VI). 

BR'R-R'" (VI) 

[0257] (In the above formula, R\ R", and R m may be the same or may differ from each other, with each Indicating a 
phenyl group which may have a subst'rtuent group such as a fluorine atom, methyl group, trifluoromethyl group, etc., or 
a fluorine atom.) 

[0258] Specific examples of compounds represented by the above general formula (VI) include trifluoroboron, 
triphenylboron, tris(4-fluorophertyl)boron, tris (3,5-difIuorophenyl)boron, tris (4 : ffuoromethylphenyl)boron, tris(pen- 
tafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron, tris(3,5-dimethy!phenyl jboron, tris{3,5-di(trifluoromethylphe- 
nyl)}boron, etc. Among these, tris(pentafluorophenyl)boron is especially preferable. 

[0259] Ionic compounds are salts comprising a cationic compound and an anionic compound. The anion reacts 
with the above-mentioned transition compound to make the transition compound cationic and to form an ion pair to 
thereby stabilize the transition metal cationic species. Examples of such an anion include organoboron compound ani- 
ons, organoarsenic compound anions, and organoaluminum compound anions. Preferable are anions which are rela- 
tively bulky and stabilize the transition metal cationic species. Examples of cations include metal cations, 
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organ ometalltc cations, carbonium cations, tripium cations, oxonium cations, sulfonium cations, phosphonium cations, 
ammonium cations, etc. More specifically, there can be mentioned triphenylcarbenium cation, tributylammonium cation, 
N,N-dimethylammonium cation, ferrocenium cation, etc. 

[0260] Among the above, ionic compounds containing a boron compound as the anion are preferable, with specific 
examples including trialkyl-substituted ammonium salts, such as triethylammonium tetra(phenyl)boron, tripropylammo- 
nium tetra (phenyl)boron, tri(n-butyl)ammonium tetra (phenyl) boron, trimethyiammonium tetra (p-tolyl) boron, trimeth- 
ylammonium tetra (o-tolyl)boron, tributylammonium tetra(pentafluorophenyl)boron, tripropylammonium tetra(o,p- 
dimethylphenyl)boron, tributylammonium tetra(m,m-dimethylphenyl)boron, tributylammonium tetra(p-trifluoromethyi- 
pheny!)boron, tri(n-butyl)ammonium tetra(o-tolyl)boron, tri(n-butyl)ammonium tetra(4-fluorophenyl)boron, etc.; 

N,N-dialkylanilinium salts, such as N,N-dimethylanilinium tetra (phenyl) boron, N,N-diethylanifinium tetra (phe- 
nyl)boron, N,N-2,4,6-pentamethylaniIinium tetra (phenyl) boron, etc.; 

dialkylammonium salts, such as di(n-propyl)ammonium tetra(pentafluorophenyl)boron, dicyclohexylammonium 
tetra(phenyl)boron. etc.; and 

triarylphosphonium salts, such as triphenylphosphonium tetra (phenyl)boron, tri(methylphenyl) phosphonium tetra 
(phenyl) boron, tri(dimethylphenyl)phosphoniurn tetra (phenyl)boron, etc. 

[0261] Also, triphenylcarbenium tetrakis (pentafluorophenyl) borate, N.N-dimethylanilinium tetrakis (pentafluoroph- 
enyl)borate, and ferrocenium tetra(pentafluorophenyl) borate may also be given as examples of ionic compounds con- 
taining a boron atom. 

[0262] Further, the following ionic compounds containing a boron atom are also employable. (In the ionic com- 
pounds enumerated below, the counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 
[0263] That is, there can be mentioned salts of anion, for example, 



bis (tri (n-butyl) ammonium) nonaborate, 

bis (tri (n-butyl) ammonium) decaborate, 

bis (tri (n-butyl) ammonium) undecaborate, 

bis (tri (n-butyl) ammonium) dodecaborate, 

bis (tri (n-butyl) ammonium) decachlorodecaborate, 

bis (tri (n-butyl) ammonium) dodecachlorododecaborate, 

tri (n-butyl) ammonium-1-carbadecaborate, 

tri(n-butyl)ammonium- 1 -carbaundecaborate, 

tri(n-butyl)ammonium- 1 -carbadodecaborate, 

tri(n-butyl)ammonium-1 -trimethylsilyM -carbadecaborate, 

and 

tri (n-butyl)ammoniumbromo-l -carbadodecaborate. 



[0264] As borane compounds, carbolan complex compounds and carbolan anionic salts, employable are decabo- 
rane(14), 7,8-dicarbaundecaborane (13), 2,7-dicarbaundecaborane (13), undecahydride-7,8-dimethyl-7,8-dicarbaun- 
decaborane, dodecahydride-11-methyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium 6-carbadecaborate(14), tri(n- 
butyi)ammonium 6-carbadecaborate(12), tri(n-butyl)ammonium 7-carbaundecaborate(13), tri(n-butyl)ammonium 7,8- 
dicarbaundecaborate (12), tri(n-butyl)ammonium 2,9-dicarbaundecaborate(12), tri(n-butyl)ammoniumdodecahydride- 
8-methyl 7,9-dicarbaundecaborate, trifn-butylJammoniumundecahydride-S-ethyl^Q-dicarbaundecaborate, tri(n- 
butylJammoniumundecahydride-S-butyl-^Q-dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-altyl-7,9- 
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-9-rj-imethylsilyl-7,8-dicarbaundecaborate, and tri(n- 
butyl)ammoniumundecahydride-4,6-dibromo-7-carbaundecaborate. 

[0265] As carbolan compounds and salts of carbolan, employable are 4-carbanonaborane (1 4), 1 ,3-dicarbanonab- 
orane (13), 6,9-dicarbadecaborane (14), dodecahydride-1-phenyl-1,3-dicarbanonaborane, dodecahydride-1-methyl- 
1 ,3-dicarbanonaborane, and undecahydride-1 ,3-dimethyl-1 ,3-dicarbanonaborane. 

[0266] Furthermore, metal carborane salts and metal borane anions, such as those listed below may given as 
examples of ionic compounds containing a boron atom (In the ionic compounds enumerated below, the counter ion is 
tri(n-butyl)ammonium, but the counter ion is no way limited thereto). 

[0267] Employable are tri(n-butyl)ammoniumbis(nonahydride-1,3-dicarbanonaborate)cobaltate(UI), tri(n- 
butyl)ammoniumbis(undecahydride-7,8-dicarbaundecaborate)ferrate(lll), tri(n-butyl)ammoniumbis(undecahydride-7,8- 
dicarbaundecaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(undecahydrlde-7,8-dicarbaundecaborate)nickelate(HI) f 
tri(n-butyi)ammoniumbis(undecahydride-7,8-dicafbaundecaborate)cuprate(lll), tri(n-butyl)ammoniumbis(undecahy- 
dride-7,8-dicarbaundecaborate)aurate(lll), tri(n-butyl)ammoniumbis(nonahydride-7,8-dimethyl-7,8-dicarbaundecabo- 
rate)ferrate(lll), tri(n-buty0ammoniumbis(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate)chromate(lll), tri(n- 
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butyl)ammoniumbis(tribromooctahydride-7,8-dto tri(n-butyl)ammoniumbis(dodecahy- 
dridedicarbadodecaborate)coba Itate(lll), bis(tri(n-butyl)ammonium)bls(dodecahydridedodecaborate)nickelate( III), 
tris(tri(n-buty1)ammonium)bis(undecaty^ bis(tri(n-butyl)ammo- 
nium)bis(undecahydride-7-carbaundecaborate)manganate(IV), bls(tri(n-buty0ammonium)bis(undecahydride-7-car- 
baundecaborate)cobaltate(lll) and bis(tnXn-butyl)ammonium)bis(undecahydn^ 

[0268] The following compounds may be given as further examples of ionic compounds containing a boron atom. 
[0269] Employable are Triphenytcartoeniurrrtetralds((2,3 t 5,6-teta^ N,N- 
dimethylaniliniumtetrakis((2,3 l 5 l 6-tetrafluoro^-triIsopropylsilyl)phenyl)borate, Triphenylcarbeniumtetrakis((2,3,5,6- 
tetrafluoro-4-dimethyl-t-butylsily0phenyi)borate, N,N-dimetrylaniliniun^etrakis((2,3,5,6-tetrafluoro-4-dimethyl-t-butylsi- 
lyl)phenyl)borate, Triphenylcarbeniumbis(octafluorobiphenylene)borate, N,N-dimethylaniIiniumbis(octefluorobiphe- 
nylene)borate, Triphenylcarbeniumbcs(octafIuoro-1 .V-spiroJbiboronole, and N ( N-dImethylaniIiniumbis(octafluoro-1 ,V- 
spiro)biboronole. 

[0270] Two or more of the abovementioned ionizing ionic compounds may be used upon mixing. 
(B-3) Organoaluminum compounds 

[0271 ] The organoaluminum compound (B-3) used in this invention may for example be represented by the follow- 
ing general formula (VII). 

RVXa-n (VII) 

[0272] (In the above formula, R a indicates a hydrocarbon group of 1 to 12 carbon atoms, X indicates a halogen 
atom or hydrogen atom, and n is 1 to 3.) 

[0273] In the above formula (VII), R a is a hydrocarbon group of 1 to 12 carbon atoms, such as an alky! group, 
cycloalkyl group or aryl group, and specific examples include the methyl group, ethyi group, n-propyl group, isopropyl 
group, isobutyl group, pentyl group, hexyl group, octyl group, cyclopentyl group, cyclohexyl group, phenyl group, tolyl 
group, etc. 

[0274] The following compounds may be given as specific examples of such an organoaluminum compound; tri- 
alkylaluminiums, such as trimethylaluminium, triethylaluminium, triisopropylaluminium, triisobutylaluminium, trioctylalu- 
minium and tri 2-ethylhexylaluminium; alkenylaluminium, such as isoprenylaluminium; dialkylaluminiumhalides, such as 
dimethylaluminiumchloride, dtethylaluminiumchloride, diisopropylaluminiumchloride, cfiisobutylaluminiumchloride and 
dimethylaluminiumbromide; alkylaluminiumsesquihalides, such as methylalumtniumsesquichloride, ethylaluminium- 
sesquichloride, isopropyl alu mi niurnsesquichlo ride, butylaluminiumsesquichloride and ethylalumini urns esq uibromide; 
alkylaluminumdihalides, such as methylaluminiumdichloride, ethylaluminiumdichloride, isopropylaluminiumdichloride 
and ethylaluminiumdibromide; and alkylaluminiumhydrides, such as diethylaluminium hydride and diisobutylaluminium- 
hydride. 

[0275] Also, a compound represented by the following general formula (VIII) may be used as organoaluminum com- 
pound (C). 

R a nAIY3-n (VII I) 

[0276] (In the above formula, R a is the same as the above, Y indicates an -OR b group, -OSiR c 3 group, -OAIR d 2 
group, -NR e 2 , -SiR f 3 ~ group or -N(R 9 )AIRVgroup, h is 1 to 2, each of R b , ; R c , R d , arid R h indicates alnethyl gTbup, ethyl 
group, isopropyl group, isobutyl group, cyclohexyl group or phenyl group, etc., R e indicates a hydrogen, methyl group, 
ethyl group, isopropyl group, phenyl group or trimethylsilyf group, etc., and each of R f and R9 indicates a methyl group 
or ethyl group, etc.) 

[0277] Specific examples of such an organoaluminum compound include the followings. 

(i) Compounds represented by the formula, R^HOR**)^, for example, 

dimethylaluminum methoxide, diethylaluminum ethoxide, diisobutylaluminum methoxide, etc. 

(ii) Compounds represented by the formula R a nAI(OSiR c 3 )3_ n , for example, 

(CaHsfeAKOSKCHak), (iso^HgfeAKOSi^HaJa), Oso-C^gkAlfOSifCsHsh), e tc. 
(ili) Compounds represented by the formula R a nAI(OAIR d 2 )3. n , for example, 
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(C 2 H5) 2 AI(OAJ(C 2 H 5 )2), (iso-C 4 H 9 )2AI(OAI(iso-C4H9) 2 ), etc. 

(iv) Compounds represented by the formula R a n AI(NR e 2 )3. n , for example, 

(CHakAKNtCsHgk), (C 2 H 5 ) 2 AI(NH(CH 3 )), (CH 3 ) 2 AI(NH(C2H 5 )) t (C 2 H 5 ) 2 AI[N(Si(CH 3 )3) 2 ] t (iso- 
C4H9) 2 AI[(NSi(CH 3 )3) 2 ], etc. 

(v) Compounds represented by the formula R a nAI(SiR f 3)3_ n , for example, 

0so-C 4 H 9 ) 2 AI(Si(CH3)3) f etc. 

[0278] Of the above, organoaluminum compounds represented by the formulae, R a 3AI, R a n AI (OR b ) 3 _ n and R a n AI 
(OAIR d 2 )3. n , can be given as preferable examples to be used in this invention. A compound, with which R a is an iso- 
alky! group and n = 2, is especially preferable. Two or more such organoaluminum compounds may be used in combi- 
nation. 

[0279] The olefin polymerization catalyst used in the present invention is formed from the abovementioned transi- 
tion metal compound (A) and at least one compound (B) selected from among organoaluminum oxycompounds (B-1), 
ionizing ionic compounds (B-2), and organoaluminum compounds (B-3), and for example in the case where the transi- 
tion metal compound (A) is a transition metal compound containing a ligand having a cyclopentadienyl skeleton, the ole- 
fin polymerization catalyst is formed from this compound and an organoaluminum oxycompound (B-1) and/or an 
ionizing ionic compound (B-2), and, optionally, an organoaluminum compound (B-3). The olefin polymerization catalyst 
used in the present invention includes solid catalysts, in which the transition metal compound (A) and at least one com- 
ponents among organoaluminum oxycompound (B-1), ionizing ionic compound (B-2) and organoaluminum compound 
(B-3) is supported on a particulate carrier, and prepolymerization catalysts comprising a particulate carrier, transition 
metal compound (A), organoaluminum oxycompound (B-1) (or ionizing ionic compound (B-2)), an olefin polymer pro- 
duced by prepolymerization, and, optionally, organoaluminum compound (B-3). 

[0280] The particulate earner to be used in the solid catalyst and prepolymerization catalyst is an inorganic or 
organic compound having a particle diameter of 1 0 to 300um, and preferably a granular or microparticulate solid having 
a particle diameter of 20 to 200pm. 

[0281] Of the above, a porous oxide is preferable as an inorganic carrier, and specific examples include, Si0 2 , 
Al 2 0 3 , MgO, Zr0 2 , Ti0 2 , B 2 0 3 , CaO, ZnO, BaO, Th0 2 , etc., and mixtures thereof, such as Si0 2 -MgO, SiO 2 -AI 2 0 3 , 
Si0 2 -Ti0 2 , Si0 2 -V 2 0 5 , Si0 2 -Cr 2 0 3 , Si0 2 -Ti0 2 -Mg0, etc. Among these, an inorganic carrier, having at least one com- 
ponent selected from among the group consisting of Si0 2 and Al 2 0 3 as the main component, is preferable. 
[0282] An abovementioned inorganic oxide may contain a small amount of carbonate, sulfate, nitrate and oxide 
components, such as Na 2 C0 3 , K 2 C0 3 , CaC0 3 , MgC0 3 , Na 2 S0 4 , Al 2 (S0 4 ) 3 , BaS0 4 , KN0 3 , Mg (N0 3 ) 2 , Al (NO^, 
Na 2 0, K 2 0, Li 2 0, etc. 

[0283] Though the properties of such a particulate carrier will differ according to the type of carrier and method of 
preparation, it is desirable for the carrier to have a specific surface area of 50 to 1000m 2 /g and preferably 100 to 
700m 2 /g and a pore volume of 0.3 to 2.5cm 3 /g. If necessary, this particulate carrier is used upon calcining at a temper- 
ature of 100 to 1000°C and preferably 150 to 700°C. 

[0284] Granular or microparticulate solids of an organic compound having a particle size of 1 0 to 300um may also 
be used as the particulate carrier. Examples of such an organic compound include (co)polymers produced from an cc- 
olefin of 2 to 1 4 carbon atoms, such as ethylene, propylene, 1 -butene, 4-methyl-1-pentene, etc., as the main component 
and copolymers and polymers produced from vinylcyclohexane or styrene as the main component. 

(C) Organosilicon compound 

[0285] The organosilicon compound to be used in this invention is represented by the following general formula (I). 

R 1 R 2 R 3 SiH (I) 

[0286] In the above formula, R 1 , R 2 and R 3 may be the same or may differ from each other, with each indicating a 
hydrogen atom; an alkyl group of 1 to 4 carbon atoms, such as the methyl, ethyl, propyl, isopropyl, butyl, isobutyl ortert- 
butyi; an ary! group of 6 to 12 carbon atoms, such as the phenyl or tolyl; an alkylaryl group of 7 to 20 carbon atoms, 
such as the ethylphenyl or ethyrtofyl; an arylalkyl group of 7 to 20 carbon atoms, such as the phenylethyl or benzyl; an 
alkoxy group of 1 to 4 carbon atoms, such as the methoxy, ethoxy, propoxy or butoxy; a fluorinated alkyl group of 3 to 6 
carbon atoms, such as the 3,3,3-trifluoropropyl; a dialkylamino group containing alkyl groups of 1 to 4 carbon atoms, 
such as the dimethylamino group; or a diorganopolysiloxane chain containing 1 to 1 0 siloxane units and is represented 
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by the formula, R 6 3 SiO(SiR 6 2 0) n -(where R 6 indicates the methyl, phenyl, 3,3,3-trifluoropropyl, methoxy or ethoxy group 
and n indicates an integer from 0 to 9). 

[0287] Of the above, the hydrogen atom, methyl group, ethyl group, isopropyl group, isobutyt group, 3,3,3-trifluoro- 
propyl group, dimethylamino group or group represented by R 6 3 SiO(SiR 6 2 0) n - is preferable. 

[0288] Preferable examples of organosilicon compounds represented by the general formula (I) given above 
include phenylsilane, diphenylsilane, phenylmethylsilane, pentamethyldisiloxane, methylsilane, dimethylsilane, etc. 
[0289] The organosilicon compound may be used alone or in combination of two or more. 

(D) Dialkylzinc compound 

[0290] The dialkylzinc compound used in this invention is represented by the following general formula (II). 

ZnR 4 R 5 (II) 

[0291 ] In the above formula, R 4 and R 5 may be the same or may differ from each other, with each indicating an alkyl 
group of 1 to 20 carbon atoms. Specific examples include the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 
hexyl, octyl, nonyl, decyl, dodecyl and icosyl groups. 

[0292] Among the above, an alkyl group of 1 to 1 2 carbon atoms is preferable and an alkyl group of 1 to 6 carbon 
atoms is even more preferable. 

[0293] Preferable examples of dialkylzinc compounds represented by the above general formula (II) include diethyl- 
zinc, diisobutylzinc, di-n-decylzinc, etc., and diethylzinc is especially preferable. 
[0294] The dialkylzinc compound (D) may be used alone or in combination of two or more. 
[0295] The above-described organosilicon compound (C) and dialkylzinc compound (D) are used as chain transfer 
agents together with hydrogen. When organosilicon compound (C) is used as the chain transfer agent, an olefin poly- 
mer having a sifyl group at the terminal is obtained. 

[0296] In the present invention, an olefin is polymerized or olefins are copolymerized under the presence of a cat- 
alyst comprising transition metal compound (A) and at least one compound (B) selected from among organoaluminum 
oxycompounds (B-1), ionizing ionic compounds (B-2) and organoaluminum compounds (B-3), and 

under the coexistence of 

(C) an organosilicon compound or (D) dialkylzinc compound 
and 

(E) hydrogen. 

[0297] The process of preparation of the olefin polymerization catalyst used in the present invention is illustrated in 
Fig. i. 

[0298] In (co)polymerizing olefin, the above-described transition metal compound (A) is used at an amount of 
approximately 0.00005 to 0.1 millimoles and preferably approximately 0.0001 to 0.05 millimoles, in terms of the transi- 
tion metal atom, based on 1 liter of polymerization volume. 

[0299] The organoaluminum oxycompound (B-1 ) is normally used in such an amount that the amount of aluminum 
atoms per 1 mole of transition metal atom is approximately 1 to 1 0,000 moles and preferably 1 0 to 5,000 moles. 
[0300] The ionizing ionic compound (B-2) Is normally used in such an amount that the amount of boron atoms per 

1 mole of transition metal atoms is approximately 0.5 to 500 moles andpreferably 1 to -1 00 moles. 

[0301] The organoaluminum compound (B-3) is normally used in such an amount that the amount of aluminum 
atoms per 1 mole of transition metal atoms is approximately 10 to 500 moles and preferably 20 to 200 moles. 
[0302] When the organoaluminum oxycompound (B-1) and organoaluminum compound (B-3) are to be used in 
combination, the organoaluminum compound (B-3) is optionally used In such an amount that amount of the organoalu- 
minum compound (B-3) be approximately 0 to 200 moles and preferably approximately 0 to 1 00 moles per 1 mole of 
aluminum atoms in the organoaluminum oxycompound (B-1). When the ionizing ionic compound (B-2) and organoalu- 
minum compound (B-3) are to be used in combination, the organoaluminum compound (B-3) is normally used in such 
an amount that the amount of the organoaluminum compound (B-3) be approximately 0 to 1 000 moles and preferably 
approximately 0 to 500 moles per 1 mole of boron atoms in tKelonf^ng'tonl^^mpotind (B-2): ~ "* 
[0303] Hie organosilicon compound (C) is used in an amount of 1 to 10000 moles and preferably 10 to 5000 moles 
per 1 mole of transition metal atoms. 

[0304] The dialkylzinc compound (D) is used in an amount of 1 to 10000 moles and preferably 10 to 5000 moles 
per 1 mole of transition metal atoms. 

[0305] Hydrogen (E) is used in an amount of 1 0* 5 to 1 mole and preferably 1 0" 4 to 1 0" 1 moles per 1 mole of the ole- 
fin monomer subject to polymerization. 
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[0306] The (co)polymerization of olefin may be earned out by a liquid phase polymerization method, such as the 
suspension polymerization method, solution polymerization method, etc., a gas phase polymerization method, or a high 
pressure method. 

[0307] In the case of a liquid phase polymerization method, an inert hydrocarbon medium, for example, an aliphatic 
5 hydrocarbon, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane, kerosene, etc.; an ali- 
cyclic hydrocarbon, such as cyclopentane, cyclohexane, methylcyclopentane, etc.; an aromatic hydrocarbon, such as 
benzene, toluene, xylene, etc.; or a halogenated hydrocarbon, such as ethylene chloride, chlorobenzene, dichlorometh- 
ane, etc., may be used. Also, the olefin itself may be used as the solvent. These may also be used in combination. 
[0308] The polymerization temperature for the (co)pofymerization of olefin is normally set in the range, -50 to 
w 1 00°C, and preferably 0 to 90°C if a suspension polymerization method is to be carried out, is normally set in the range, 
0 to 300°C, and preferably 20 to 250°C if a solution polymerization method is to be carried out, is normally set in the 
range, 0 to 1 20°C, and preferably 20 to 1 00°C if a gas phase polymerization method is to be carried out, and is normally 
set in the range, 50 to 1000°C, and preferably 100 to 500°C if a high pressure method is to be carried out The polym- 
erization pressure is normally set in the range, atmospheric pressure to 100kg/cm 2 , and preferably atmospheric pres- 
15 sure to 50kg/cm 2 , and in the case of a high pressure method, the pressure is normally set in the range, 100 to 
10000kg/cm 2 and preferably 500 to SOOOkg/cm 2 . The polymerization reaction may be carried out in any of the batch, 
semi-continuous and continuous methods. Furthermore, the polymerization may also be earned out in two or more 
steps that differ in reaction conditions. 

[0309] The molecular weight of the olefin polymer that is obtained may be adjusted by adjusting the quantities of 
20 hydrogen and organosilicon compound or dialkylzinc compound or by varying the polymerization temperature and 
polymerization pressure. 

[0310] Examples of olefins used in the present invention include chain or branched a-olefins with 2 to 20 carbon 
atoms, such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyM-pentene, 3-methyM-heptene, 1-hep- 
tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1 -tetradecene, 1 -hexadecene, 1 -octadecene. 
25 [0311] Examples also include olefins having an aliphatic ring or aromatic ring, such as cyclopentene, cycloheptene, 
norbornene, 5-methyl-2-norbornene, tetracyclododecene, 2-methyl-1 ,4,5,8-dimethano-1 t 2,3,4,4a,5,8,8a-octahydro- 
naphthalene, styrene, vinylcyclohexane, etc. 

[0312] Also, various polyenes, including chain or cyclic dienes, such as butadiene, isoprene, 1 ,4-hexadiene, dicy- 
clopentadiene, 5-ethylidene-2-norbornene, 7-methyl-1,6-octadiene, etc., chain or cyclic trienes, such as 6,10-dimethyl- 

30 1,5,9-undecatriene, 5,9-dimethyl-1,4,8-decatriene, etc., and chain or cyclic tetraenes, such as 6,10,14-trimethyl- 
1,5,9,13-pentadecatetraene, 5,9,13-trimethyM ,4,8,12-tetradecatetraene, etc., may be copolymerized with the olefin. 
[0313] Since this invention uses a combination of a specific organosilicon compound (C) or dialkylzinc compound 
(D) with hydrogen (E) as the chain transfer agents, an olefin (co)polymer of low molecular weight can be obtained at 
high polymerization activity. Also, since the concentration of hydrogen in the polymerization system can be lowered, 

35 rapid hydroge nation of functional groups will not occur. 

[0314] Also in the case where the organosilicon compound (C) is used, a silyl-terminated olefin polymer having a 
silyl group (R 1 R 2 R 3 Si-; where R 1 , R 2 and R 3 are defined to be the same as the R 1 , R 2 and R 3 in the general formula (I) 
given above) at the terminal can be obtained. Silyl-terminated olefin polymers are useful, for example, as compatibiliz- 
ing agents for polymer blends, coating property improving agents for paints, agents for improving the coating properties 

40 and adhesion properties of potyolefins, and raw materials for molecular design. 

[0315] An olefin polymer obtained by the above-described process has a melt index (Ml) in the range of normally 
0.1 to 1000g/10 minutes and favorably 0.5 to 500g/10 minutes and a density in the range of normally 0.840 to 
0.970g/cm 3 and favorably 0.850 to 0.930g/cm 3 . If this olefin polymer is a copolymer of two or more of olefins, it contains 
repeating units derived from one olefin among the two or more olefins at an amount of normally 50 to 99 mole%, favo- 

45 rably 60 to 90 mole%, and more favorably 65 to 85 mole%. 

[0316] When an olefin having 3 or more carbon atoms is polymerized by the above-described process, the resulting 
olefin polymer has an isotactic index of favorably 95 or more. 
[0317] The isotactic index is measured by 13 C-NMR. 

[0318] Furthermore, when a transition metal compound containing a iigand having a cyclopentadienyl skeleton is 
so used as transition metal compound (A), the resulting olefin polymer has the characteristics of being narrow in molecular 
weight distribution and composition distribution. 

[0319] Another process for producing an olefin polymer according to the present invention shall now be described. 
[0320] In the another process for producing the olefin polymer according to the present invention, polymerization of 
an olefin or copolymerization of olefins is carried out under presence of a catalyst comprising: 
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(A-i) a transition metal compound of a transition metal selected from among groups 3 to 10 of the periodic table 
(with lanthanldes and actinides being included in group 3) containing a Iigand having a cyclopentadienyl skeleton 
(with the exception of such a compound having two indenyl groups that are bonded via ethylene), and 
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(B) at least one compound selected from among 
(B-1) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A-i) to form an ion pair, and 
(B-3) organoaluminum compounds 
and under the coexistence of 

(C) an organosilicon compound represented by the general formula (I) given above, or (D) a dialkylzinc compound 
represented by the general formula (II) given above, 

and under the non-presence of hydrogen. 

[0321] The respective components used in this invention shall now be described. 

[0322] The compound (A-i) used in this invention is a transition metal compound of a transition metal selected from 
among groups 3 to 1 0 of the periodic table (with lanthanides and actinides being included in group 3) containing a ligand 
having a cyclopentadienyl skeleton (with the exception of such a compound having two indenyl groups that are bonded 
via ethylene). 

[0323] Specific examples of transition metal compound (A-i) include the above-described transition metal com- 
pounds (A-1) with the exception of those having two indenyl groups that are bonded via ethylene. 
[0324] As transition metal compound (A-i), a transition metal compound (A-ii) of a transition metal selected from 
among group 4 of the periodic table containing a ligand having a cyclopentadienyl skeleton (with the exception of such 
a compound having two indenyl groups that are bonded via ethylene), is preferable, and a compound (A-iii), expressed 
by the general formula (IV) given above (with the exception of such a compound having two indenyl groups that are 
bonded via ethylene), is more preferable. 

[0325] Specific examples of transition metal compounds (A-ii) include the above-described transition metal com- 
pounds (A-2) with the exception of those having two indenyl groups that are bonded via ethylene. 
[0326] Specific examples of transition metal compounds (A-iii) include the above-described transition metal com- 
pounds (A-3) with the exception of those having two indenyl groups that are bonded via ethylene. 
[0327] Also, transition metal compounds represented by the general formulae (i), (iii) or (iv) are preferable as tran- 
sition metal compound (A-iii). 

[0328] The same organoaluminum oxycompounds mentioned above may be given as examples of the organoalu- 
minum oxycompound (B-1) to be used in this invention, the compound may be used alone or in combination of two or 
more. 

[0329] The same compounds that react with the above-described transition metal compound (A) to form an ion pair 
can be given as examples of compound (B-2) that reacts with the above-described transition metal compound (A-i) to 
form an ion pair, and the compound may be used alone or in combination of two or more. 

[0330] TTie same organoaluminum compounds mentioned above may be given as examples of organoaluminum 
compound (B-3), and the compound may be used alone or in combination of two or more. 

[0331] The olefin polymerization catalyst used in the present invention is formed from the abovementioned transi- 
tion metal compound (A-i) and at least one compound (B) selected from among organoaluminum oxycompounds (B-1), 
ionizing ionic compounds (B-2), and organoaluminum compounds (B-3). The olefin polymerization catalyst used in the 
present invention also includes solid catalysts, in which the transition metal compound (A-i) and at least one of the com- 
ponents among organoaluminum oxycompound (B-1), ionizing ionic compound (B-2) and organoaluminum compound 
(B-3) are supported on a particulate carrier, and prepolymerization catalysts comprising a particulate carrier, transition 
metal compound (A), organoaluminum oxycompound (B-1) (or ionizing ionic compound (B-2)), an olefin polymer pro- 
duced by prepofymerization, and, optionally, organoaluminum compound (B-3). ~ ~ 

[0332] The same particulate carriers as mentioned above may be given as examples of the particulate carrier to be 
used in the solid catalyst or prepolymerization catalyst 

[0333] The same organosilicon compounds mentioned above may be given as examples of organosilicon com- 
pound (C), and the compound may be used alone or in combination of two or more. 

[0334] The same dialkylzinc compounds mentioned above may be given as examples of dialkylzinc compound (D), 
and the compound may be used alone or in combination of two or more. 

[0335] The abovementioned organosilicon compound (C) and dialkylzinc compound (D) are used as chain transfer 
agents. Also, when organosilicon compound (C) is used as the chain transfer agent, an olefin polymer having a silyl 
group at me" terminal is obtained. 

[0336] In the present invention, an olefin is polymerized or olefins are copolymerized under the presence of a cat- 
alyst comprising transition metal compound (A-i) and at least one type of compound (B) selected from among organoa- 
luminum oxycompounds (B-1), ionizing ionic compounds (B-2) and organoaluminum compounds (B-3), and 

under the coexistence of 

(C) an organosilicon compound or (D) dialkylzinc compound and 
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(E) under the non-presence of hydrogen. 

[0337] The process of preparation of the olefin polymerization catalyst used in this, invention is illustrated in Fig. 2. 
[0338] The same chain or branched olefins and olefins haying aliphatic ring or aromatic ring used in the formerly 
5 described olefin production method may be given as examples of olefins used in this invention. 

[0339] Also, the same polyenes as the polyenes used in the formerly described process for producing olefin poly- 
mer may be copolymerized with the abovementioned olefin. 

[0340] In (co)polymerizing olefin, the above-described transition metal compound (A-i) is used at an amount of 
approximately 0.00005 to 0.1 millirnoles and preferably approximately 0.0001 to 0.05 miliimoles, in terms of the transi- 

io tion metal atom, based on 1 liter of polymerization volume. 

[0341 ] The organoaluminum oxycompound (B-1 ) is normally used in such an amount that the amount of aluminum 
atoms per 1 mole of transition metal atom is approximately 1 to 10,000 moles and preferably 10 to 5,000 moles. 
[0342] The ionizing ionic compound (B-2) is normally used in such an amount that the amount of boron atoms per 
1 mole of transition metal atoms is approximately 0.5 to 500 moles and preferably 1 to 1 00 moles. 

15 [0343] The organoaluminum compound (B-3) is normally used in such an amount that the amount of aluminum 
atoms per 1 mole of transition metal atoms is approximately 10 to 500 moles and preferably 20 to 200 moles. 
[0344] When the organoaluminum oxycompound (B-1 ) and organoaluminum compound (B-3) are to be used in 
combination, the organoaluminum compound (B-3) is optionally used in such an amount that amount of the organoalu- 
minum compound (B-3) be approximately 0 to 200 moles and preferably approximately 0 to 100 moles per 1 mole of 

20 aluminum atoms in the organoaluminum oxycompound (B-1). When the ionizing ionic compound (B-2) and organoalu- 
minum compound (B-3) are to be used in combination, the organoaluminum compound (B-3) is normally used in such 
an amount that the amount of the organoaluminum compound (B-3) be approximately 0 to 1000 moles and preferably 
approximately 0 to 500 moles per 1 mole of boron atoms in the ionizing ionic compound (B-2). 
[0345] The organosiiicon compound (C) is used in an amount of 1 to 1 0000 moles and preferably 1 0 to 5000 moles 

25 per 1 mole of transition metal atoms. 

[0346] The dialkylzinc compound (D) is used in an amount of 1 to 10000 moles and preferably 10 to 5000 moles 
per 1 mole of transition metal atoms. 

[0347] The (co)polymerization of olefin may be carried out by a liquid phase polymerization method, such as the 
suspension polymerization method, solution polymerization method, etc., a gas phase polymerization method, or a high 
30 pressure method. 

[0348] In the case of a liquid phase polymerization method, the same inert hydrocarbon medium as that used in the 
formerly described olefin polymer production method may be used. Also, the olefin itself may be used as the solvent. 
These may also be used in combination. 

[0349] The polymerization temperature for the (co)polymerization of olefin is normally set in the range, -50 to 
35 1 00°C, and preferably 0 to 90°C if a suspension polymerization method is to be carried out, is normally set in the range, 
0 to 250°C, and preferably 20 to 200°C if a solution polymerization method is to be carried out, is normally set in the 
range, 0 to 1 20°C, and preferably 20 to 1 00°C if a gas phase polymerization method is to be carried out, and is normally 
set in the range, 50 to 1 000°C, and preferably 1 00 to 500°C if a high pressure method is to be carried out The polym- 
erization pressure is normally set in the range, atmospheric pressure to 100kg/cm 2 , and preferably atmospheric pres- 
40 sure to 50kg/cm 2 , and in the case of a high pressure method, the pressure is normally set in the range, 100 to 
10000kg/cm 2 , and preferably 500 to 5000kg/cm 2 . The polymerization reaction may be carried out in any of the batch, 
semi-continuous and continuous methods. Furthermore, the polymerization may also be carried out in two or more 
steps that differ in reaction conditions. 

[0350] The molecular weight of the olefin polymer that is obtained may be adjusted by adjusting the quantity of 
45 organosiiicon compound (C) or dialkylzinc compound (D) or by varying the polymerization temperature and polymeri- 
zation pressure. 

[0351] Since this invention uses a specific organosiiicon compound (C) or dialkylzinc compound (D) as the chain 
transfer agent, an olefin (co)polymer of low molecular weight can be obtained at high polymerization activity. Also, since 
hydrogen does not exist in the polymerization system, rapid hydrogenation of functional groups, etc., will not occur. 

so [0352] Also in the case where the organosiiicon compound (C) is used, a sifyl-terminated olefin polymer having a 
silyl group (R 1 R 2 R 3 Si-; where R 1 , R 2 and R 3 are defined to be the same as the R 1 , R 2 and R 3 in the general formula (I) 
given above) at the terminal can be obtained. Sityl-terminated olefin polymers are useful, for example, as compatibiliz- 
ing agents for polymer blends, coating property improving agents for paints, agents for improving the coating properties 
and adhesion properties of polyolefins, and raw materials for molecular design. 

55 [0353] An olefin polymer obtained by the above-described process has a melt index (Ml) in the range of normally 
0.1 to 1000g/10 minutes and favorably 0.5 to 500g/10 minutes and a density in the range of normally 0.840 to 
0.970g/cm 3 and favorably 0.850 to 0.930g/cm 3 If this olefin polymer is a copolymer of two or more olefins, it contains 
repeating units derived from one olefin among the two or more olefins at an amount of normally 50 to 99 mole%, favo- 
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tably 60 to 90 mole%, and more favorably 65 to B5mole%. 

[0354] When an olefin having 3 or more carbon atoms is polymerized by the above-described process, the resulting 
olefin polymer has an isotactic index of favorably 95 or more. 

[0355] Furthermore, when a transition metal compound containing a ligand having a cyclopentadienyl skeleton is 
5 used as transition metal compound (A-i) t the resulting olefin polymer has the characteristics of being narrow in molec- 
ular weight distribution and composition distribution. 

Effects of the Invention 

w [0356] In accordance with the process for producing olefin polymer of the present invention, an olefin polymer of 
low molecular weight can be obtained at high polymerization activity. 

[0357] In accordance with the another process for producing the olefin polymer of the present by another mode of 
this invention, an olefin polymer can be obtained at high polymerization activity. 

15 Examples 

[0358] Though the present invention shall now be described in further detail by way of examples, this invention is 
not limited to these examples. 

20 Example 1 

[0359] A 1 .0-liter glass reaction device equipped with a condenser tube and a stirring device, was throughly purged 
with nitrogen, charged with 400ml of decane at room temperature, and the temperature of the liquid was then raised to 
80°C using an oil bath, 0.4 millimoies of triisobuty I aluminum and 0.05 millimoles of diethylzinc were then charged into 

25 the reaction device. A catalyst was prepared by priorly stirring and contacting for 10 minutes together 0.5 millimoles of 
methylalumoxane (10 weight% toluene solution; made by Tosoh Aczo Co., Ltd.) and 0.0005 millimoles of dimethylsi- 
lylene (2-methyl-4,5-benzo-1-indenyl)(2,7-di-t-butyi-9-fluorenyl)zirconium dichloride (shall be referred to hereinafter as 
•compound A") at a molar ratio of 1000, in toluene, and this catalyst was added to the reaction system. Ethylene and 
hydrogen were then fed continuously at rates of 100N-liter/hrand 1 N-liter/hr, respectively, to carry out polymerization at 

30 80°C for 30 minutes. After the completion of polymerization, 5ml of isobutyl alcohol were added to stop the polymeriza- 
tion. The reaction solution was transferred into 2 liters of methanol to precipitate the polymer. The precipitated polymer 
was vacuum dried at 1 30°C for 12 hours. As a result, an ethylene polymer having an Ml (melt index) of 0.45g/1 0 minutes 
was obtained. The yield of the ethylene polymer was 1 1 .8g and the polymerization activity was 47.2kg/millimole Zr • hr. 

35 Example 2 

[0360] Ethylene was polymerized in the same manner as in Example 1 , except that hydrogen was fed at a rate of 
2N-liter/hr. As a result, an ethylene polymer having an Ml of 3.6g/10 minutes was obtained. The yield of the ethylene 
polymer was 7.8g and the polymerization activity was 31.2kg/miilimole Zr* hr. 

40 

Example 3 

[0361] Ethylene was polymerized in the same manner as in Example 1, except that diethylzinc was added in an - 
amount of 0.5 millimoles. As a result, an ethylene polymer having an Ml of 96g/10 minutes was obtained. The yield of 
45 the ethylene polymer was 4.5g and the polymerization activity was 1 8kg/milIimole Zr • hr. 

Example 4 

[0362] The same method as that of Example 1 was carried out to copolymerize ethylene and 1 -octene except that 
so 1 0 ml of 1 -octene was charged into the reaction device. As a result, an ethylene • 1 -octene copolymer having an Ml of 
1.48g/10 minutes arid a density of 0.882g/cm 3 was "obtained. The yield of the ethylene • 1 -octene copolymer was 8.2g 
and the polymerization activity was 32.8kg/miIfimole Zr • nr. 

Comparative Example 1 

55 

[0363] Ethylene was polymerized in the same manner as in Example 1 , except that no diethylzinc was added to the 
reaction device and hydrogen was fed at a rate of 5IM-liter/hr. As a result, an ethylene polymer having an Ml of 0.65g/10 
minutes was obtained. The yield of the ethylene polymer was 0.8g and the polymerization activity was 3.2kg/millimole 
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Zr»hr. 

Comparative Example 2 

[0364] Ethylene and 1 -octene were copolymerized in the same manner as in Example 4, except that no diethylzinc 
was added to the reaction device and hydrogen was fed at a rate of 5N-liter/hr. As a result, an ethylene • 1 -octene 
copolymer having a density of 0.885g/cm 3 and an Ml of 1.20g/10 minutes was obtained. The yield of the ethylene • 1- 
octene copolymer was 0.5g and the polymerization activity was 2kg/miIlimole Zr • hr. 
[0365] The results of the above are shown in Table 1 . 
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Example 5 

[0366] Ethylene was polymerized in the same manner as in Example 1 , except that 0.05 millimoles of triethylsilane 
was used in place of diethylzinc. As a result, a silyl-terminated ethylene polymer having an Ml of 0.25p/10 minutes was 
obtained. The yield of the silyl-terminated ethylene polymer was 14.1 g and the polymerization activity was 56.4kg/mil- 
timole Zr*hr. 

Example 6 

[0367] Ethylene was polymerized in the same manner as in Example 1 , except that 0.5 millimoles of triethylsilane 
was used in place of diethylzinc. As a result, a silyl-terminated ethylene polymer having an Ml of 78g/10 minutes was 
obtained. The yield of the silyl-terminated ethylene polymer was 10.5g and the polymerization activity was 42kg/milli- 
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moleZr*hr. 
Example 7 

5 [0368] The same method as that of Example 1 was carried out to copolymerize ethylene and 1 -octene, except that 
0.05 millimoles of triethylsilane was used in place of diethylzinc and 10ml of 1-octene was charged into the reaction 
device. As a result, a silyl-terminated ethylene • 1 -octene copolymer having a density of 0.885g/cm 3 and an Ml of 1 .52 
g/10 minutes was obtained. The yield of the silyl-terminated ethylene • 1 -octene copolymer was 1 1 .3g and the polym- 
erization activity was 45.2kg/millImole Zr • hr. 

10 

Comparative Example 3 

[0369] Ethylene was polymerized in the same manner as in Example 5, except that no triethylsilane was added and 
hydrogen was fed at a rate of 5N-l'rter/hr. As a result, an ethylene polymer having an Ml of 0.28g/10 minutes was 
is obtained. The yield of the ethylene polymer was 1 .2g and the polymerization activity was 4.8kg/millimole Zr • hr. 

Comparative Example 4 

[0370] Ethylene and 1-octene were copolymerized in the same manner as in Example 7, except that no triethylsi- 
20 lane was added and hydrogen was fed at a rate of 5N-liter/hr. As a result, an ethylene • 1-octene copolymer having a 
density of 0.887gfcm 3 and an Ml of 1.05g/10 minutes was obtained. The yield of the ethylene • 1-octene copolymer 
was 0.9g and the polymerization activity was 3.6kg/millimole Zr • hr. 
[0371] The results of the above are shown in Table 2. 
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Compound A : Dimethylsilylene (2-methyK5-benzo-1-indenyl) (2,7-di-t-butyl-9-fluoreny1)zirconium dichloride 
Compound A : 0.0005 millimoles; Cbcatalyst : Methylalumoxane (MAO); 
M AO/Zr = 1 000 (mole ratio) 
Triisobutylalumlnum : 0.4 millimoles 

Polymerization temperature : 80°C; Polymerization time : 30 minutes 
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Example 8 

[0372] A stainless steel autoclave with a 2-liter inner volume was throughly purged with nitrogen, subsequently 
800ml of hexane and 200ml of 1 -octene were charged, and the internal temperature of the system was raised to 1 20°C. 

5 Subsequently, 0.5 millimoles of triisobutyialuminum, 0.1 millimoles of triethylsilane, and 0.001 millimoles, in terms of Zr 
metal, of the catalyst contacted with 0.3 millimoles of methylalumoxane as in Example 1 , were fed into the system with 
pressure of nitrogen. 200ml of hydrogen were then added in one time and the total pressure of the system was main- 
tained at 15kg/cm 2 -G by continuously feeding ethylene alone to carry out polymerization at 120°C for 60 minutes. After 
stopping the polymerization by adding a small amount of ethanol into the system, the unreacted ethylene was purged. 

io The resulting polymer solution was poured into a large excess of methanol to precipitate the polymer. The precipitated 
polymer was recovered by filtration and vacuum dried for 12 hours at 130°C. As a result, a silyl-terminated ethylene • 
1 -octene copolymer having an Ml of 42g/10 minutes and a density of 0.872g/cm 3 was obtained. The yield of the silyl- 
terminated ethylene • 1 -octene copolymer was 11 4.5g and the polymerization activity was 11 4.5kg/millimole • Zr • nr. 

15 Comparative Example 5 

[0373] Ethylene and 1 -octene were copolymerized in the same manner as in Example 8, except that no triethylsifi- 
lane was added. As a result, an ethylene • 1 -octene copolymer having an Ml of 1.8g/10 minutes and a density of 
0.875g/cm 3 was obtained. The yield of the ethylene • 1 -octene copolymer was 87g and the polymerization activity was 
20 87kg/millimole Zr • hr. 

Example 9 

[0374] 950ml of hexane solvent and 50ml of 1 -octene were charged into the same polymerization device used in 
25 Example 8, and the internal temperature of the system was raised to 80°C. Subsequently, 0.2 millimoles of triisobutyia- 
luminum, 0.1 millimoles of triethylsilane, 0.00025 millimoles, in terms of Ti metal, of dimethylsilylene (tetramethylcy- 
clopentadienyl)N-t-butyiamide dimethyltitanium (shall be referred to hereinafter as "compound B"), and then 0.01 
millimoles of triphenylcarbenium tetrakis(pentafluorophenyl)borate were added with pressure of nitrogen. 50ml of 
hydrogen were then added in one time and the total pressure of the system was maintained at 8kg/cm z -G by continu- 
al ously feeding ethylene alone to carry out polymerization at 80°C for 5 minutes. As a result, a silyl-terminated ethylene 
• 1 -octene copolymer having an Ml of 35g/1 0 minutes and a density of 0.874g/cm 3 was obtained. The yield of the silyl- 
terminated ethylene • 1 -octene copolymer was 18g and the polymerization activity was 864kg/millimole • Ti • hr. 

Comparative Example 6 

35 

[0375] Ethylene and 1 -octene were copolymerized in the same manner as in Example 9, except that no triethylsi- 
lane was added. As a result, an ethylene • 1 -octene copolymer having an Ml of 2.09g/10 minutes and a density of 
0.870g/cm 3 was obtained. The yield of the ethylene • 1 -octene copolymer was 1 1.8g and the polymerization activity 
was 566kg/millimole Zr • hr. 

AO 

Example 10 

[0376] 890ml of hexane solvent and 1 1 0ml of 1 -octene were charged into the same polymerization device used in 
Example 8, and the internal temperature of the system was raised to 130°C. Subsequently, 0.5 millimoles of triisobuty- 

45 laluminum, 0.1 millimoles of triethylsilane, and 0.002 millimoles, in terms of Zr metal, of dimethylsilylenebis(4,5-benzo- 
1-indenyl)zirconium dichloride (shall be referred to hereinafter as "compound C"), which was contacted with 0.6 milli- 
moles of methylalumoxane as in Example 1, were fed into the system with pressure of nitrogen. 200ml of hydrogen 
were then added in one time and the total pressure of the system was maintained at 1 1 kg/cm 2 -G by ethylene to carry 
out polymerization at 130°C for 30 minutes. As a result, a silyl-terminated ethylene • 1 -octene copolymer having an Ml 

50 of 85g/10 minutes and a density of 0.879g/cm 3 was obtained. The yield of the silyl-terminated ethylene • 1 -octene 
copolymer was 140g and the polymerization activity was 140kg/millimole • Zr • hr. 

Comparative Example 7 

55 [0377] Ethylene and 1 -octene were copolymerized in the same manner as in Example 1 0, except that no triethylsi- 
lane was added. As a result, an ethylene • 1 -octene copolymer having art Ml of 18g/10 minutes and a density of 
0.877g/cm 3 was obtained. The yield of the ethylene • 1 -octene copolymer was 89g and the polymerization activity was 
89kg/mi!limole Zr • hr. 
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Example 11 

[0378] 700ml of hexane solvent and 300ml of 1 -octene were charged into the same polymerization device used in 
Example 8, and the internal temperature of the system was raised to 150°C. Subsequently, 0.5 miilimoles of triisobuty- 

5 laluminum, 0. 1 miilimoles of triethylsilane, and 0.002 miilimoles, in terms of Zr metal, of diphenylmethylene(cyclopenta- 
dienyl)(fluorenyl)zirconium dichloride (shall be referred to hereinafter as "compound D"), which was contacted with 0.6 
miilimoles of methylatumoxane as in Example 1 , were fed into the system with pressure of nitrogen. 500ml of hydrogen 
were then added in one time and the total pressure of the system was maintained at 30kg/cm 2 -G by ethylene to carry 
out polymerization at 150°C for 60 minutes. As a result a siryl-terrninated ethylene • 1 -octene copolymer having an Ml 

io of 18g/10 minutes and a density of 0.908g/cm 3 was obtained. The yield of the silyl-terminated ethylene • 1 -octene 
copolymer was 27g and the polymerization activity was 13.5kg/milfimole • Zr • hr. 

Comparative Example 8 

is [0379] Ethylene and 1 -octene were coporymerized in the same manner as in Example 1 1 , except that no triethylsi- 
lane was added. As a result, an ethylene • 1 -octene copolymer having an Ml of 1.4g/10 minutes and a density of 
0.906g/cm 3 was obtained. The yield of the ethylene • 1 -octene copolymer was 7.5g and the polymerization activity was 
3.75kg/milfimole Zr • hr. 

[0380] Trie results of the above are shown in Table 3. 

20 
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Example 12 

[0381 ] A 0.5-liter glass reaction device equipped with a condenser tube and a stirring device, was throughly purged 
with nitrogen and charged with 250ml of toluene at room temperature. The temperature of the liquid was then raised to 

5 50°C using an oil bath while feeding propylene at a rate of 1 0Oml/hr. After the addition of 0.375 millimoles of methylphe- 
nylsilane, a catalyst prepared by mixing 0.125 millimoles of triisobutylaluminum and 0.000625 millimoles of dimethylsi- 
lylene*bis(2-methy1-4-phenyl-1-indenyl) zirconium dichloride at a molar ratio of 200, was added into the system. 
Subsequently, 0.00125 millimoles of triphenylcarbenium tetrakis(pentafluorophenyl)borate were added and polymeriza- 
tion was carried out for 5 minutes at 50°C. As a result, 1 .49g of a silyl-terminated propylene polymer having an intrinsic 

io viscosity [nj of 1 .20dl/g were obtained. 

Comparative Example 9 

[0382] A 0.5-liter glass reaction device equipped with a condenser tube and a stirring device, was throughly purged 
is with nitrogen and charged with 250ml of toluene at room temperature. The temperature of the liquid was then raised to 
50°C using an oil bath while feeding propylene at a rate of 100ml/hr. A catalyst prepared by mixing 0.125 millimoles of 
triisobutylaluminum and 0.000625 millimoles of dimethylsilylene-bis(2-methyl-4-phenyl-1-indeny0 zirconium dichloride 
at a molar ratio of 200, was then added into the system. Subsequetly, 0.00125 millimoles of triphenylcarbenium tet- 
rakis(pentafluorophenyl)borate was added and polymerization was carried out for 5 minutes at 50°C. As a result 1 77g 
20 of a propylene polymer having an intrinsic viscosity [r\] of 2.82dl/g were obtained. 

Example 13 

[0383] A 0.5-liter glass reaction device equipped with a condenser tube and a stirring device, was throughly purged 
25 with nitrogen and charged with 250ml of toluene at room temperature. The temperature of the liquid was then raised to 
50°C using an oil bath while feeding propylene at a rate of 100ml/hr. After the addition of 0.75 millimoles of methylphe- 
nylsilane, a catalyst prepared by mixing 0.125 millimoles of triisobutylaluminum and 0.000625 millimoles of dimethyls"!- 
lyIene-bis(2-methyl-4-phenyl-lHndenyl)zirconium dichloride at a molar ratio of 200, was added into the system. 
Subsequently, 0.00125 millimoles of triphenylcarbenium tetrakis(pentafluorophenyl) borate was added and polymeriza- 
30 tion was carried out for 5 minutes at 50°C. As a result, 0.92g of a silyl -terminated propylene polymer having an intrinsic 
viscosity of 0.62d!/g were obtained. The stereoregularity was 98.8% (mmmm pentad fraction as measured by 
13 CNMR) and 5 values of 7.52 (m, Ph), 7.35 (m, Ph), 4.52 (m, SiH), 1.64 (m, methyne group), 1.18 (m, methylene 
group), 0.86 (m, methyl group), 0.71 (methylene group), and 0.40 (MeSi) were observed by 1 HNMR measurement 
(C2D2CI2, 120°C). 

35 [0384] Flexural Modulus (FM) measured in accordance with ASTM D 790 of the resulting silyl-terrninated propylene 
polymer was 16050 (kg/cm 2 ). 

Example 14 

40 [0385] A 0.5-liter glass reaction device equipped with a condenser tube and a stirring device, was throughly purged 
with nitrogen and charged with 250ml of toluene at room temperature. The temperature of the liquid was then raised to 
50°C using an oil bath while feeding propylene at a rate of 100ml/hr. After the addition of 0.75 millimoles of methylphe- 
nylsilane, a catalyst prepared by mixing 0:125 millimoles of triisobutylaluminum and 0.000625 millimoles of dimethylsi- 
lylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride at a molar ratio of 200, was added into the system. 

45 Subsequently, 0.001 25 millimoles of triphenylcarbenium tetrakis(pentafluorophenyl)borate was added and polymeriza- 
tion was earned out for 5 minutes at 50°C. As a result, 1 .27g of a silyl-terminated propylene polymer having an intrinsic 
viscosity Di] of 0.21 dl/g were obtained. 

[0386] The stereoregularity was 98.8% (mmmm pentad fraction as measured by 13 CNMR) and 5 values of 7.52 (m, 
Ph), 7.35 (m, Ph), 4.22 (m f S1H2), 1.62 (m, methyne group), 1.28 (m, methylene group), and 0.88 (m, methyl group) 
so were observed by 1 HNMR measurement (C 2 D 2 Cl2, 120°C). 

[0387] Flexural Modulus (FM) measured in accordance with ASTM D 790 of the resulting silyl-terminated propylene 
polymer was 16140 (kg/cm 2 ). 

Claims 

55 

1. A process for producing an olefin polymer characterized in that olefin polymerization or copotymerization is carried 
out under the presence of: 
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a catalyst, comprising 

(A) a compound of a transition metal selected from among groups 3 to 10 of the periodic table (with lan- 
thanides and actinides being included in group 3) and 

(B) at least one compound selected from among 
(B-1) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A) to form an ion pair, and 
(B-3) organoaluminum compounds 
and under the coexistence of 

(C) an organosilicon compound represented by the general formula (I) given below, or (D) a dialkylzinc 
compound represented by the general formula (II) given below, 

R'RWSiH (I) 

(wherein R 1 , R 2 and R 3 may be the same or may differ from each other, with each indicating a hydrogen 
atom, an alkyl group of 1 to 4 carbon atoms, an aryl group of 6 to 12 carbon atoms, an alkylaryl group of 
7 to 20 carbon atoms, an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of 1 to 4 carbon atoms, 
a phenoxy group, a fluoroalkyl group of 3 to 6 carbon atoms, a dialkylamino group containing alkyl groups 
of 1 to 4 carbon atoms, or a diorganopolysiloxane chain containing 1 to 10 siloxane units) 

ZnR 4 R 5 (II) 

(wherein R 4 and R 5 may be the same or may differ from each other, with each indicating an alkyl group of 

1 to 20 carbon atoms) 

and 

(E) hydrogen. 

The process for producing an olefin polymer as claimed in Claim 1 , wherein said compound (A) is a transition metal 
compound (A-1) of a transition metal selected from among groups 3 to 10 of the periodic table (with lanthanides 
and actinides being included in group 3) containing a ligand having a cyclopentadienyl skeleton. 

The process for producing an olefin polymer as claimed in Claim 1 , wherein said compound (A) is a compound (A- 

2) of a transition metal selected from among group 4 of the periodic table containing a ligand having a cyclopenta- 
dienyl skeleton. 

The process for producing an olefin polymer as claimed in Claim 1 , wherein said compound (A) is a compound (A- 

3) represented by the following general formula (IV) or (V). 




• • • (IV) • • • (V) 



(In formula (IV), M 1 indicates an atom of a transition metal selected from among group 4 of the periodic table, 
R 1 1 to R 20 may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 40 
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carbon atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sul- 
fur-containing group, a silicon-containing group, a halogen atom, or a hydrogen atom, the adjacent two groups 
among R 11 to R 20 may be bonded mutually to form an aromatic group with the carbon atoms bonded to each 
group, each of such an aromatic group may be substituted with hydrocarbon group of 1 to 40 carbon atoms, a 
halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing 
group, a silicon-containing group, or a halogen atom, X 1 and X 2 may be the same or may differ from each other, 
with each indicating a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 
20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a hydro- 
gen atom, or a halogen atom, and Y 1 indicates a bivalent hydrocarbon group of 1 to 20 carbon atoms, a biva- 
lent halogenated hydrocarbon group of 1 to 20 carbon atoms, a bivalent silicon-containing group, a bivalent 
germanium-containing group, a bivalent tin-containing group, -O-, -CO-, -S-, -SO-, -SOg-, -Ge-, -Sn-, -NR 21 -, - 
P(R 21 )-, -P(O) (R 21 )-, -BR 21 -, or -AIR 21 - {where the R 21 's may be the same or may differ from each other, with 
each indicating a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 car- 
bon atoms, a hydrogen atom, or a halogen atom); 

In formula (V), M 1 indicates a transition metal atom selected from among group 4 of the periodic table, Cp indi- 
cates a cyclopentadienyl group or derivative thereof, which is Tt-bonded to M 1 , Z 1 indicates an oxygen atom, a 
sulfur atom, a boron atom or a ligand containing an atom of group 14 of the periodic table, Y 2 is a ligand con- 
taining an atom selected from among the nitrogen atom, phosphorus atom, oxygen atom and sulfur atom, and 
the X^s may be the same or may differ from each other, with each indicating a hydrogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms and may have one or two or more or double bonds, a silyl group 
containing 20 or less silicon atoms, or a germyl group containing a germanium atom.). 

The process for producing an olefin polymer as claimed in any of Claims 1 to 4, whereby a silyl-terminated olefin 
polymer, with which the terminal is the residue of an organosilicon compound (C) represented by the abovemen- 
tioned general formula (I) and the isotactic index is 95 or more, is produced. 

A silyl-terminated olefin polymer, which is obtained by the process for producing an olefin polymer as claimed in 
any of Claims 1 to 4, wherein the terminal thereof is the residue of an organosilicon compound (C) represented by 
the abovementioned general formula (I) and the isotactic index is 95 or more. 

A process for producing an olefin polymer characterized in that olefin polymerization or copolymerization is carried 
out under the presence of 

a catalyst comprising 

(A-i) a transition metal compound of a transition metal selected from among groups 3 to 1 0 of the periodic table 
(with lanthanides and actinides being included in group 3) containing a ligand having a cyclopentadienyl skel- 
eton (with the exception of such a compound having two indenyl groups that are bonded via ethylene), and 

(B) at least one compound selected from among 
(B-1 ) organoaluminum oxycompounds, 

(B-2) compounds that react with the abovementioned compound (A-i) to form an ion pair, and 
(B-3) organoaluminum compounds 
and under the coexistence of 

(C) an organosilicon compound represented by the general formula (I) given below, or (D) a dialkylzinc com- 
pound represented by the general formula (II) given below, 

R 1 R 2 R 3 SiH (I) 

(wherein R 1 , R 2 and R 3 may be the same or may differ from each other, with each indicating a hydrogen atom, 
an alkyl group of 1 to 4 carbon atoms, an aryl group of 6 to 1 2 carbon atoms, an alkylaryl group of 7 to 20 car- 
bon atoms, an arylalkyl group of 7 to 20 carbon atoms, an alkoxy group of 1 to 4 carbon atoms, a phenoxy 
group, a fluoroalkyl group of 3 to 6 carbon atoms, a dialkylamino group containing alkyl groups of 1 to 4 carbon 
atoms, or a diorganopolysiloxane chain containing 1 to 10 siloxane units.) 

ZnR 4 R 5 (III) 

(wherein R 4 and R 5 may be the same or may differ from each other, with each being an alkyl group of 1 to 20 

carbon atoms.) 

and 
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under the non-presence of hydrogen. 

8. The process for producing an olefin polymer as claimed in Claim 7, wherein said compound (A-i) is a transition 
metal compound (A-ii) of a transition metal selected from among group 4 of the periodic table containing a ligand 

5 having a cyclopentadienyl skeleton (with the exception of such a compound having two in deny I groups that are 

bonded via ethylene). 

9. The process for producing an olefin polymer as claimed in Claim 7, wherein said compound (A-i) is a compound 
(A-iii) represented by the following general formula (IV) (with the exception of such a compound having two indenyl 

io groups that are bonded via ethylene) 
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20 




25 

• ■ ' (IV) 



30 (wherein M 1 indicates an atom of a transition metal selected from among group 4 of the periodic table, R 11 to R 20 
may be the same or may differ from each other, with each indicating a hydrocarbon group of 1 to 40 carbon atoms, 
a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, 
a silicon-containing group, a halogen atom, or a hydrogen atom, the adjacent two groups among R 11 to R 20 may 
be bonded mutually to form an aromatic group with the carbon atoms bonded to each group, each of such an aro- 

35 matic group may be substituted with hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group 
of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon containing group, or a hal- 
ogen atom, X 1 and X 2 may be the same or may differ from each other, with each indicating a hydrocarbon group of 
1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a 
sulfur-containing group, a silicon-containing group, a hydrogen atom, or a halogen atom, and Y 1 indicates a biva- 

40 lent hydrocarbon group of 1 to 20 carbon atoms, a bivalent halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a bivalent silicon-containing group, a bivalent germanium-containing group, a bivalent tin-containing group, 
-O-, -CO-, -S-, -SO-, S0 2 - f -Ge- f - Sn-, -NR 21 -, -P(R 21 )-, -P(O) (R 21 )-, -BR 21 -, or -AIR 21 -(where the R 21, s may be 
the same or may differ from each other, with each being a hydrocarbon group of 1 to 20 carbon atoms, a halogen- 
ated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, or a halogen atom)). 

45 

10. The process for producing an olefin polymer as claimed in any of Claims 7 to 9, whereby a silyl-terminated olefin 
polymer, with which the terminal is the residue of an organosilicon compound (C) represented by the abovemen- 
tioned general formula (I) and the isotactic index is 95 or more, is produced. 

50 1 1 . A silyi-terminated olefin porymer, wherein the terminal thereof is the residue of an organosilicon compound (C) rep- 
resented by the abovementioned general formula (I) and the isotactic index is 95 or more. 
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Fig.1 

Transition metal component 

/ Transition metal compound selected 
/ from groups 3 to 10 of the 
( periodic table 

\ (with lanthanides and actinides 

\ being included in group 3) 



Organometallic component 

/ ~ 

( Organoaluminum oxycompound 

(Compound that reacts with 
the transition metal compound 
to from an ion pair 

Organoaluminum compound 

Third component 
(Particulate carrier) 

R 1 R 2 R 3 SiH 

or . _ ., 

Zn R 4 R 5 

(each of R 1 to R 6 is an alkyl group, etc.) 



Hydrogen 
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Fig.2 

Transition metal component 

/ Compound, which is of a transition metal 
/ selected from among groups 3 to 10 of the 
/ periodic table (with lanthanides and actinides 
/ being included in group 3) and contains a 
\ ligand having a cyclopentadienyi skeleton 
\ (with the exception of such a compound 
\ having two indenyl groups that are 
\ bonded via ethylene) 



Organometallic component 




Organoaluminum oxycompound 




Compound that reacts with 
the transition metal compound 
to from an ion pair 



Organoaluminum compound 




Third component 
(Particulate carrier) 



R 1 R 2 R 3 SiH 
or 

Zn R 4 R 5 



(each of R 1 to R 5 is an alkyl group, etc.) 
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